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Description 

[0001] The invention relates to a power supply for a 
vibrating compressor, having an inverter with at least 
one switching element for converting d-c into a-c and a 5 
d-c power source section for applying a d-c voltage to 
said inverter, a current detecting means for detecting a 
current flowing in the vibrating compressor and a control 
section having a frequency following circuit and an in- 
verter control circuit. 10 

DESCRIPTION OF THE PRIOR ART 

[0002] An increasing number of cooling units using vi- 
brating compressors have been installed on automo- fs 
biles. In the cooling unit, the d-c power of an automobile, 
that is, a car battery, is used as the drive source of the 
vibrating compressor. The vibrating compressor has 
such a construction that a drive coil caused to vibrate in 
a magnetic field by an alternating current fed from the 20 
outside drives the piston. 

[0003] In a conventional type of power supply for vi- 
brating compressors using a car battery, for example, 
as the drive source, where the mechanical resonance 
frequency of a vibrating compressor is predetermined 25 
by its conduction, an a-c voltage of a fixed frequency is 
generated on the basts of the battery voltage and fed to 
the vibrating compressor. 

[0004] Since the resonance frequency of the vibrating 
compressor, however, varies with changes in load, or 30 
the service environment, the conventional construction 
where the power frequency to be fed to the vibrating 
compressor is kept constant tends to result in poor effi- 
ciency. 

[0005] A control method with good efficiency is de- 35 
sired particularly for applications where a battery is used 
as the drive source. 

[0006] The preamble of claim 1 acknowledges the pri- 
or art known from the Japanese Published Unexamined 
Patent Application No. Sho-61 (1 986)-1 73676 (PATENT 40 
ABSTRACTS OF JAPAN, unexamined applications, E 
field, vol. 10, no. 384, December23, 1986 THE PATENT 
OFFICE JAPANESE GOVERNMENT page 56E 466; & 
JP-A-61 173 676 (SAWAFUJI ELECTRIC)) where the 
vibrating compressor is driven by always keeping it un- 45 
der the optimum condition by causing the vibrating pe- 
riod of the electrical vibrating system in the vibrating 
compressor to agree with the natural vibrating period of 
the mechanical vibrating system. 

[0007] It was experimentally revealed that efficient so 
driving is realized when the difference in first and second 
peaks of the input current waveform is a certain value. 
[0008] In more detail this power supply has an inverter 
for converting d-c into a-c, said vibrating compressor is 
driven by an a-c voltage of a frequency agreeing with 55 
the resonance frequency of said vibrating compressor 
and said power supply comprises: 



- a d-c power source section for applying d-c voltage 
to said inverter, 

- current detecting means for detecting a current 
flowing in the vibrating compressor, and 

a control section having a frequency following cir- 
cuit for generating a frequency following the reso- 
nance frequency of said vibrating compressor 
based on a detected current detected by said cur- 
rent detecting means, and an inverter control circuit 
for controlling said inverter at said frequency gen- 
erated by said frequency following circuit. 

[0009] The US-A-4716347, which refers to a power 
supply for a rotary compressor discloses an inverter for 
actuating the motor of the compressor upon receiving 
an electric power from a power source, a current detect- 
ing means for detecting the current flowing in the com- 
pressor, whereby the control section of said power sup- 
ply comprises a frequency following circuit and an in- 
verter control circuit and the inverter comprises at least 
one switching element. The control section of said pow- 
er supply comprises an oscillator for generating pulses 
whose frequency can be changed to control said invert- 
er control circuit. 

SUMMARY OF THE INVENTION 

[0010] It is an object of this invention to provide a pow- 
er supply for vibrating compressors for generating an a- 
c voltage of a frequency following changes in the reso- 
nance frequency of the vibrating compressor. 
[0011] It is another object of this invention to provide 
a polarity reversing circuit suitable for applying positive 
and negative powers to the inverter. 
[0012] It is a further object of this invention to provide 
an a-c/d-c automatic converter unit 
[0013] It is still a further object of this invention to pro- 
vide a power supply for vibrating compressors designed 
to protect the battery and save power. 
[0014] The present invention is characterized in that 
said frequency following circuit of said control section 
comprises a variable oscillator for generating pulses 
whose frequency can be changed, a changeover circuit 
that is used, based on the oscillator frequency of said 
variable oscillator, for changing over a current flowing in 
said current detecting means at every half -period of one 
period of the oscillations generated by said variable os- 
cillator, two half-period current detecting circuits for de- 
tecting peakcalues or mean values or integrated values 
of a current flowing in said current detecting means dur- 
ing a changeover period of said changeover circuit, and 
an arithmetic circuit for comparing both values held by 
said half-period current detecting circuits, and control- 
ling said variable oscillator so as to change its oscillation 
frequency so that a difference between both values be- 
comes a predetermined value; said inverter control cir- 
cuit of said control section comprises a frequency divid- 
er for halving the oscillation frequency of said variable 
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oscillator, and a switching element control circuit for al- 
ternately switching on/off said at least one switching el- 
ement by a frequency divided by said frequency divider. 

BRIEF DESCRIPTION OF THE DRAWING 



[0038] Fig. 24 is a diagram of assistance in explaining 
the timing waveforms for generating a trigger signal for 
forcibly reversing pulses. 

[0039] Fig. 25 is a time chart of assistance in explain- 
5 ing the operation of this invention. 



[0015] Fig. 1 is a diagram illustrating the basic con- 
struction of this invention. 

[0016] Fig. 2 shows the construction of an embodi- 
ment of this invention. 10 
[0017] Fig. 3 shows the construction of an embodi- 
ment of the control section. 

[0018] Fig. 4 shows the construction of an embodi- 
ment of the specific circuits of the power supply for vi- 
brating compressors according to this invention. 1$ 
[0019] Fig. 5 is a diagram of assistance in explaining 
the operating waveforms of the embodiment shown in 
Fig. 4. 

[0020] Fig. 6 shows the construction of an embodi- 
ment of the a-c/d-c automatic converter unit. 20 
[0021] Fig. 7 shows the construction of another em- 
bodiment of the polarity reversing circuit. 
[0022] Fig. 8 shows the construction of another em- 
bodiment of this invention. 

[0023] Fig. 9 is a diagram Illustrating operating wave- 25 
forms. 

[0024] Fig. 1 0 is a diagram of assistance in explaining 
the detection of the maximum peak in each waveform. 
[0025] Fig. 11 is a circuit diagram of another specific 
embodiment of Fig. 8. 30 
[0026] Fig. 12 is a circuit diagram of a specific embod- 
iment of the frequency following circuit, the battery mon- 
itor circuit and the thermo-control circuit used in Fig. 11 . 
[0027] Fig. 1 3 is a diagram of assistance in explaining 
changes in potential on Pin No. 2 of an IC 3 with respect 35 
to increases in d-c voltage. 

[0028] Fig. 1 4 is a diagram of assistance in explaining 
changes in the output pulse width. 
[0029] Fig. 1 5 is a diagram of assistance in explaining 
part of the construction of another example of means for 40 
preventing the valve hitting phenomenon, caused by an 
excessively extended piston stroke. 
[0030] Fig. 1 6 shows the construction of another em- 
bodiment of this invention. 

[0031] Fig. 1 7 is a diagram of assistance in explaining « 
operating waveforms. 

[0032] Fig. 1 8 shows the construction of still another 
embodiment of this invention. 
[0033] Fig. 19 is a characteristic diagram of an em- 
bodiment of a vibrating compressor. 5< 
[0034] Fig. 20 shows the construction of still another 
embodiment of this invention. 

[0035] Fig. 21 shows the construction of still another 
embodiment of this invention. 

[0036] Fig. 22 is a time chart of assistance in explain- & 
ing the operation of this invention. 
[0037] Fig. 23 shows the construction of still another 
embodiment of this invention. 



DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0040] Fig. 1 is a diagram illustrating the basic con- 
struction of this invention. 

[0041] In Fig. 1 , reference numeral 1 refers to a con- 
trol section; 3 to current detecting means; 4 to a vibrating 
compressor; 5 to an inverter; 6 to a d-c power source 
section; 100 to a frequency following circuit; 200 to an 
inverter control circuit; 136 to a battery monitor circuit; 
and 137 to a thermo-control circuit, respectively. 
[0042] The voltage of the d-c power source section 6 
as the drive unit of the vibrating compressor 4 is applied 
. to the inverter 5. The inverter 5 converts d-c voltage into 
a-c voltage, which in turn is fed to the vibrating compres- 
sor 4. The current detecting means 3 detects a current 
flowing in the vibrating compressor 4, and the control 
section 1 generates a control signal agreeing with the 
natural frequency, that is, the resonance frequency of 
the vibrating compressor 4, based on the current flowing 
in the vibrating compressor 4, to perform the switching 
control of the inverter 5. As a result, the frequency of the 
a-c voltage fed from the inverter 5 to the vibrating com- 
pressor 4 is controlled so as to maintain the frequency 
agreeing with the resonance frequency even if the res- 
onance frequency of the vibrating compressor 4 chang- 
es, depending on the load or service environment of the 
vibrating compressor. 

[0043] The battery monitor circuit 1 36 monitors a volt- 
age drop in the d-c power source section 6; It stops the 
power supply therefrom when the voltage of the d-c 
power source section 6, a battery, for example, falls be- 
low a predetermined level, and the thermo-control circuit 
137 stops the power supply from the battery when the 
temperature in the refrigerator falls below a predeter- 
mined level to protect the battery and save power. 
[0044] Fig. 2 shows the construction of an embodi- 
ment of this invention. 

[0045] Fig. 2 shows the power supply of an a-c/d-c 
vibrating compressor. The vibrating compressor 4 is a 
compressor for refrigerators operating from a power of 
low a-c voltage, or of 1 2 V or 24 V, for example, as men- 
tioned above. 

[0046] A battery 601 is a d-c power source of 1 2 V or 
24 V, installed on an automobile, serving as a power 
source for the vibrating compressor 4. 
[0047] A polarity reversing circuit 700 is a circuit for 
reversing the polarity of the voltage of the battery 601 , 
comprising a transistor 701, a pulse generating circuit 
702, a choke coil 703, a diode 704 and a capacitor 705. 
[0048] The pulse generating circuit 702 using an asta- 
ble multivibrator circuit, etc., for example, turns on and 
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off the transistor 701 , and the transistor 701 generates 
pulses. Since these pulses are applied to the choke coil 
703, electromagnetic energy is accumulated in the 
choke coil 703. When the transistor 701 is turned off, 
the current flowing in the choke coil 703 cannot change 
abruptly, and keeps flowing. The electromagnetic ener- 
gy accumulated in the choke coil 703 charges the ca- 
pacitor 705 in a circuit consisting of the capacitor 705 
and the diode 704, making the diode 704 side of the ca- 
pacitor 705 negative. In other words, a d-c voltage hav- 
ing an opposite polarity to the voltage of the battery 601 
is generated on the output end X of the polarity reversing 
circuit 700. 

[0049] An inverter 5 has transistors 501 and 502, 
which alternately turn on to generate a-c voltage that is 
fed to the vibrating compressor 4. 
[0050] The control section 1 is a circuit for outputting 
a control signal to cause the transistors 501 and 502 to 
be turned on alternately, as mentioned earlier. The con- 
trol section 1 performs such a control as to change the 
frequency applied to the vibrating compressor 4 by sub- 
stantially changing the a-c voltage to be outputted from 
the inverter 5 by changing the duty ratio of each output 
waveform of the transistors 501 and 502 as a result of 
PWM control, for example. 

[0051 ] An a-c/d-c automatic converter 600 is used for 
supplying the d-c voltage of the battery 601 , or a com- 
mercial a-c power 603. The a-c/d-c automatic converter 
600 is designed so that when the commercial a-c power 
603 is connected to it, the d-c voltage from an ac/dc con- 
verter 602 is fed to the vibrating compressor 4 in pref- 
erence to that of the battery 601 . In doing so, the con- 
verter 602 converts the a-c voltage of the commercial 
a-c power 603 into a d-c voltage of the same potential 
as that of the d-c voltage of the battery 601 . 
[0052] An automatic changer 604 is used, when the 
commercial a-c power 603 is connected to a terminal 
605, to connect the d-c power on the side of the a-c/d- 
c converter 602 in preference to the battery 601 . 
[0053] A shunt resistor 301 is used to detect a current 
flowing in the vibrating compressor. In Fig. 2, it detects 
a current flowing in the vibrating compressor 4, when 
driven by the negative d-c voltage that is polarity-re- 
versed by the polarity reversing circuit 700. 
[0054] As shown in Fig. 3 and 4, the control section 1 
has the frequency following circuit 100 and the inverter 
control circuit 200; the frequency following circuit 100 
having a variable oscillator 101, a changeover circuit 
1 02, peak holding circuits 1 03 and 1 04, and an arithme- 
tic circuit 1 05; and the inverter control circuit 200 having 
a frequency divider 201 and a switching element control 
circuit 202. 

[0055] The variable oscillator 1 0 1 is an oscillating fre- 
quency-variable pulse generator. 
[0056] The changeover circuit 102 is a circuit for 
changing over the current flowing in the shunt resistor 
301 based on the oscillation frequency of the variable 
oscillator 101 at the intervals of the half-period of one 
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period of the oscillating frequency. 
[0057] The peak holding circuits 1 03 and 1 04 are cir- 
cuits for detecting and holding the peak values of the 
current flowing in the shunt resistor 301 during the 

5 changeover period of the changeover circuit 1 02. 
[0058] The arithmetic circuit 105 compares the peak 
values held by the tow peak holding circuits 1 03 and 1 04 
to control the oscillating frequency of the variable oscil- 
lator 101 so that the difference is kept at a predeter- 

io mined value. 

[0059] The frequency divider 201 is a circuit for halv- 
ing the frequency of pulses generated by the variable 
oscillator 101. 

[0060] The switching element control circuit 202 is a 
15 driver for control-ling to alternately turn on switching el- 
ements in the form of transistors 501 and 502 based on 
the pulses of the frequency divided in the frequency di- 
vider 201 . 

[0061] In the following, description will be made on the 
20 assumption that a power supply for vibrating compres- 
sors having the aforementioned construction drives a 
refrigerator installed on automobiles, etc., or a refriger- 
ator car whose container itself serves as a refrigerator. 
[0062] During the transportation of the refrigerator, a 
25 d-c voltage of the battery 601 installed on an automobile, 
etc. is applied to the vibrating compressor 4 via the au- 
tomatic changer 604. That is, when the d-c voltage, 12 
V, for example, of the battery 601 is inputted to the po- 
larity reversing circuit 700 via the automatic changer 

30 604, -1 2 V is generated on the output terminal X of the 
polarity reversing circuit 700, as described above. As 
the transistors 501 and 502 in the inverter 5 are alter- 
nately turned on by a control signal inputted from the 
control section 1 , a voltage of a half-period changing 

35 from zero potentials to 1 2 V and zero potentials gener- 
ated based on the operation of transistor 501 is applied 
to the vibrating compressor 4, then a voltage of a half- 
period changing from zero potentials to -12 V and zero 
potentials generated based on the operation of the tran- 

40 sistor 502 is applied. This means that an a-c voltage of 
one period having positive and negative polarities 
centering around zero potentials is applied. 
[0063] In other words, a so-called single-end push- 
pull (SEPP) circuit with the vibrating compressor 4 as 

45 the load, is composed of the transistors 501 and 502, 
and the control section 1 , and an a-c voltage having pos- 
itive and negative polarities centering around zero po- 
tentials is applied to the vibrating compressor 4. Conse- 
quently, one of the input terminals of the vibrating com- 

50 pressor 4 can be connected to the ground, or a ground- 
ing wire can be connected to the case of the vibrating 
compressor 4, as shown in Fig. 2. Thus, the construction 
of the vibrating compressor 4 can be simplified. 
[0064] In the control section 1 , the changeover circuit 

55 1 02 changes over the current flowing in the shunt resis- 
tor 301 based on the oscillation frequency of the variable 
oscillator 1 01 at the intervals of the half-period of one 
period of the oscillation frequency. The peak value of 
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the current flowing in the shunt resistor 301 is detected 
and held by the peak holding circuits 1 03 and 1 04 duri ng 
the changing period of the changeover circuit 102. The 
arithmetic circuit 105 compares both peak values held 
by the two peak holding circuits 103 and 104, and out- 
puts a control signal for changing the oscillation frequen- 
cy of the variable oscillator 1 01 so that the difference is 
kept at a predetermined value. 
[0065] Thus, the vibrating compressor 4 can be driven 
at an excellent efficiency since an a-c voltage of a fre- 
quency following changes in the resonance frequency 
in accordance with changes in load or changes in am- 
bient temperature in the vibrating compressor 4 can be 
generated because the variable oscillator 101 gener- 
ates pulses of a frequency corresponding to the control 
signal. 

[0066] When the automobile arrives at the destina- 
tion, and the commercial a-c power 603 is connected to 
the terminal 605, 12 V of the same potential as that of 
the d-c voltage of the battery 601 is outputted from the 
a-c/d< converter 602. The 1 2-V d-c voltage from the a- 
c/d-c converter 602 energizes a relay coil 606, causing 
the relay contact 607 thereof to change over to the side 
of the a-c/d-c converter 602. When driving the vibrating 
compressor 4 from the commercial a-c power 603, an 
a-c voltage having positive and negative polarities 
centering around zero potentials is applied to the vibrat- 
ing compressor 4 by performing exactly the same oper- 
ation as in driving the vibrating compressor 4 from the 
battery 601 , as described above. 
[0067] Fig. 4 shows the construction of an embodi- 
ment of a specific circuit of the power supply for vibrating 
compressors according to this invention. 
[0068] In Fig. 4, the shunt resistor 301 is adapted to 
detected a current flowing in the vibrating compressor 
4 when the 1 2-V d-c voltage of the battery 601 is applied 
to the vibrating compressor 4. A d-c power 706 corre- 
sponds to the polarity reversing circuit 700 shown in Fig. 
2, while an analog switch 110 corresponds to the 
changeover circuit 102 shown in Fig. 3. MOS-FETs 
(hereinafter referred to as FETs) 503 and 504 are used 
as the transistors 501 and 502. 
[0069] Operations with reference to Fig. 4 will be de- 
scribed in the following, referring to Fig. 5 which is an 
operating waveform diagram. 

[0070] The variable oscillator 1 01 is designed so that 
when the design natural frequency, that is, the reso- 
nance frequency of the vibrating compressor 4 is 50 Hz, 
the variable oscillator 101 oscillates pulses of a frequen- 
cy of 1 00 Hz, twice as high as the 50-Hz natural frequen- 
cy (Fig. 5A). 

[0071] As mentioned earlier, the variable oscillator 
101 can change the 1 00-Hz oscillation frequency in 
such a manner that the 1 00-Hz oscillation frequency can 
be determined by a time constant CR of the capacitance 
C of a capacitor 111 and the resistance R of a resistor 
1 1 2 (when viewed from the variable oscillator 1 01 ) con- 
nected to the variable oscillator 1 01 . 



[0072] The flip-flop circuit of the frequency divider 201 
halves the 1 00-Hz oscillation frequency of thevariable 
oscillator 101, and the outputs thereof Q and Q control 
in such a manner as to alternately turn on the FETs 503 
5 and 504 in the inverter 5 via each driver of the switching 
element control circuit 202. 

[0073] Noting the FET 503, when the FET 503 is 
turned on (Fig. 5B), the current flowing in the vibrating 
compressor 4 is detected by the shunt resistor 301 (Fig. 
10 5C). 

[0074] The 1 00-Hz pulses (whose duty ratio is 50%) 
generated by the variable oscillator 101, on the other 
hand, turn on the analog switch 110, and at the same 
time turn off the peak holding circuit 1 04 via a reversing 

15 circuit 1 1 3 during the period when the 1 00-Hz pulses are 
at the H level. During the period when the 1 00-Hz pulses 
are at the L level, the 1 00-Hz pulses turn off the analog 
switch 110, and turn on the peak holding circuit 104 via 
the reversing circuit 113. That is, the waveform of the 

20 current flowing in the vibrating compressor 4 detected 
by the shunt resistor 301 is halved into portions corre- 
sponding to the preceding half -period and the succeed- 
ing half -period of one period of the pulses by the analog 
switch 110 and the reversing circuit 113. 

25 [0075] Consequently, the current waveform shown in 
Fig. 5D is inputted into the peak holding circuit 1 03, while 
the current waveform shown in Fig. 5 E is inputted into 
the peak holding circuit 1 04. 

[0076] The peak holding circuits 103 and 104 detect 
30 the peaks of the current waveforms inputted, and hold 
those peak values. 

[0077] A peak value l P inputted earlier from the peak 
holding circuit 1 03 is compared with a peak value l P in- 
putted later from the peak holding circuit 1 04 in an op- 
35 erational amplifier 1 1 4 in the arithmetic circuit 1 05 by a 
timing signal from a timing circuit (not shown) . The peak 
value inputted later from the peak holding circuit 104, 
for example, is compared in the arithmetic circuit 1 05 
with the peak value inputted earlier from the peak hold- 
40 ing circuit 1 03, and a control signal is outputted by the 
arithmetic circuit 1 05 so that the difference between the 
peak values inputted into the arithmetic circuit 105 is 
kept at a predetermined value, and thereby a capacitor 
115 is charged. 
45 [0078] If the charging amount of the capacitor 115 
charged by the control signal from the amplifier 1 1 4 in 
the arithmetic circuit 105 is low, and as a result the volt- 
age at the point Y where the capacitor 115 and the re- 
sistor 116 are connected to each other becomes low, 
so the aforementioned time constant CR changes. Thus, 
the oscillation frequency of the variable oscillator 101 
becomes higher accordingly, and a control signal is out- 
putted by the arithmetic circuit 1 05 so that the difference 
between both peak values inputted in the arithmetic cir- 
55 cuit 105 is kept at a predetermined value, and thereby 
the feedback system is stabilized. In other words, the 
frequency of an a-c voltage driving the vibrating com- 
pressor 4 is caused to follow the resonance frequency 
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of the vibrating compressor 4. If the voltage at the point 
Y becomes higher, on the contrary, the oscillation fre- 
quency generated by the variable oscillator 101 be- 
comes lower and is controlled so as to agree with the 
resonance frequency of the vibrating compressor 4. 
[0079] As described above, pulses of a frequency fol- 
lowing the resonance frequency of the vibrating com- 
pressor 4 are generated by the variable oscillator 1 01 
so that the FETs 503 and 504 in the inverter 5 are alter- 
nately turned on by of the frequency divider 201 via each 
driver of the switching element control circuit 202 which 
constitute the inverter control circuit 200. Thus, the vi- 
brating compressor 4 can be driven at the maximum ef- 
ficiency even when the resonance frequency of the vi- 
brating frequency changes due to changes in the load 
of the vibrating compressor 4. 
[0080] As current detecting means for detecting a cur- 
rent flowing in the vibrating compressor 4, a current 
transformer based on a Hall element, a drain-source re- 
sistance V DS of an FET, or a fuse can be used, other 
than the shunt resistor 301 . The same holds true in em- 
bodiments shown in the following. 
[0081] Fig. 6 shows the construction of an embodi- 
ment of the a-c/d-c automatic converter. 
[0082] In the figure, the a-c/d-c automatic converter 
600 comprises a switching power source 621, an a-c 
receptacle 622 for inputting a commercial a-c power 603 
into the switching power source 621 , a plug 623 for out- 
putting the automotive battery voltage obtained from a 
cigarette-lighter plug 620 and the d-c voltage from the 
switching power source 621 , a relay 624, a diode 625, 
and a capacitor 626. 

[0083] The relay 624 has contact of the normally 
closed type. When the commercial a-c power 603 is con- 
nected to the a-c receptacle 622, and the relay 624 is 
energized via the diode 625, the normally-closed con- 
tact is opened to output the d-c voltage converted by the 
switching power source 621 to the plug 623 in prefer- 
ence to the d-c voltage from the cigarette-lighter plug 
631. 

[0084] Numeral 400 refers to a vibrating compressor 
unit having the power supply for vibrating compressors 
of this invention. The vibrating compressor unit 400 has 
a receptacle 401 and a terminal 402. When the plug 623 
of the a-c/d-c automatic converter 600 is inserted into 
the receptacle 401 of the vibrating compressor unit 400, 
the commercial a-c power 603 or the battery d-c voltage 
obtained from the cigarette-lighter plug 620 is inputted 
to the polarity reversing circuit 700 where a voltage hav- 
ing a reversed polarity is generated. 
[0085] A battery other than the automobile battery can 
be connected to the terminal 402 of the vibrating com- 
pressor unit 400. 

[0086] When a d-c voltage is supplied to the vibrating 
compressor unit 400 using the commercial a-c power 
603, the contact of the relay 624 is opened, as described 
above. Even when the contact is shortcircuited due to 
contact melting, only a 1 2- V d-c voltage is applied to the 



cigarette-lighter plug 620, giving no harm to human be- 
ings. 

[0087] Furthermore, even when the automotive bat- 
tery voltage drawn from the cigarette-lighter plug is sup- 
5 plied to the vibrating compressor unit 400, no voltage is 
applied to the a-c receptacle 622, giving no harm to hu- 
man beings. 

[0088] When the vibrating compressor unit 400 is a-c 
driven using the commercial a-c power 603, the capac- 

10 itor 627 in the switching power source 621 smoothes the 
d-c voltage of the switching power source 621 , but when 
the vibrating compressor unit 400 is d-c driven using the 
cigarette-lighter plug 620, the capacitor 627 can smooth 
the d-c voltage of the cigarette-lighter plug 620. 

is [0089] The a-c/d-c automatic converter 600 may be 
divided by two-dot chain lines as shown in the figure so 
that M and N can be connected to the receptacle 401 or 
the terminal 402 of the vibrating compressor unit 400. 
By doing so, the construction of the a-c/d-c automatic 

20 converter 600 can be simplified. 

[0090] Fig. 7 shows the construction of another em- 
bodiment of the polarity reversing circuit. 
[0091] The polarity reversing circuit shown in the fig- 
ure is of a construction in which an N-channel MOS-FET 

25 (hereinafter referred to as FET) 710 is used. 

[0092] When the FET 71 0 is turned on, energy is ac- 
cumulated in a choke coil 703 of an output circuit 712. 
At this time, a Darling-ton -connected transistor 71 4 in a 
pulse generating circuit 702 is turned off. 

30 [0093] When pulses for turning on the transistor 71 4 
are outputted from an IC circuit (switching regulator IC) 
713, the FET 710 is turned off. At this time, a current is 
caused to flow in the direction shown by an arrow in the 
output circuit 712 by the energy accumulated in the 

35 choke coil 703, and the capacitor 705 is charged, with 
the terminal 71 6 being positive and the terminal 715 be- 
ing negative. Thus, the voltages divided by the resistors 
717 and 718 are applied to Pin Terminal No. 5 of the IC 
circuit 713, and after the lapse of a predetermined time, 

40 the IC circuit 71 3 turns off the transistor 71 4, At this time, 
a voltage as the sum of the voltage charged in the ca- 
pacitor 719 in the charge pump circuit 711 and the volt- 
age from the battery 601 via the diode 720 is applied to 
the gate of the FET 710 via the resistor 721 . In other 

45 words, a gate voltage V GS necessary for sufficiently 
turning on the FET transistor 710 is maintained. Thus, 
the FET transistor 710 is turned on again, and energy 
is accumulated in the choke coil 703 of the output circuit 
712. 

so [0094] Since the same process is repeated thereafter, 
voltages having reversed polarities of the battery 601 
are outputted to both ends, that is, the terminals 71 5 and 
71 6 of the capacitor 705. 

[0095] This output voltage can be changed to any val- 
55 ue by changing the oscillation frequency of the pulse 
generating circuit 702. 

[0096] Fig. 8 shows the construction of another em- 
bodiment of this invention. 
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[0097] Since the vibrating compressor 4, the battery 
601 , the polarity reversing circuit 700, and the inverter 
5 in the figure are the same as those shown in Fig. 4, 
the detailed description thereof is omitted. 
[0098] The control section 1 has the frequency follow- 
ing circuit 100 and the inverter control circuit 200. The 
inverter control circuit 200 outputs control signals for al- 
ternately turning on the FETs 503 and 504 of the inverter 
5. At this time, the frequency following circuit 100 gen- 
erates from the inverter 5 an a-c voltage of a frequency 
following the resonance frequency of the vibrating com- 
pressor 4 via the inverter control circuit 200. 
[0099] The shunt resistor 301 is used to detect a cur- 
rent flowing in the vibrating compressor 4 when the FET 
transistor 504 is driven, and a negative a-c voltage is 
applied to the vibrating compressor 4. 
[0100] The inverter control circuit 200 has a frequen- 
cy-divider flip-flop circuit 203, and drivers 204 and 205, 
and is designed to halve the frequency oscillated by the 
variable oscillator 1 01 , which will be described later, into 
half-periods by the flop-flop circuit 203, and controls so 
as to alternately turn on the FETs 503 and 504 by the 
drivers 204 and 205 during the period when the half- 
period pulses are outputted. The drivers 204 and 205 
may be designed to control the FET transistors 503 and 
504 by means of PWM control, for example. 
[0101] The frequency following circuit 1 00 comprises 
a variable oscillator 101, a period dividing circuit 120, 
an error amplifying circuit 1 21 , two peak detecting circuit 
122 and 123, electronic switches 124 and 125, an am- 
plifying circuit 1 26, capacitors 1 1 1 and 1 1 5, and resistors 
112 and 116. 

[01 02] As described above, the variable oscillator 1 01 
can change the oscillation frequency thereof by a time 
constant of the resistors 1 1 2 and 1 1 6 and the capacitor 
111. The oscillation frequency is inputted into the flip- 
flop circuit 203 and the period dividing circuit 1 20 of the 
inverter control circuit 200. One period of the oscillation 
frequency of the variable oscillator 1 01 is divided in the 
period dividing circuit 1 20 into a predetermined ratio at 
which the preceding time is longer than the succeeding 
time, and the electronic switches 124 and 125 are 
closed at the preceding and succeeding time to acquire 
the current flowing in the shunt resistor 301 in synchro- 
nization with the on (conduction) time of the FET 504. 
The peak of the waveform of each current acquired via 
the electronic switches 124 and 125 is detected by the 
peak detecting circuits 122 and 123, the detected two 
peaks are compared in the error amplifying circuit 121 , 
and the oscillation frequency of the variable oscillator 
101 is changed in accordance with the difference be- 
tween the two peaks. 

[0103] Though not shown in Fig. 8, a battery monitor 
circuit for monitoring a voltage drop in the battery 601 
and a thermo-control circuit for controlling the tempera- 
ture inside the refrigerator are provided. When the volt- 
age of the battery 601 falls below a predetermined volt- 
age, the battery monitor circuit, in conjunction with the 



polarity reversing circuit 700, stops the operation of the 
control section 1 to interrupt the power supply from the 
battery 601 . When the temperature inside the refrigera- 
tor falls below a predetermined temperature, the ther- 
5 mo-control circuit, in conjunction with the polarity revers- 
ing circuit 700, stops the operation of the control section 
1 to interrupt the power supply from the battery 601 , sav- 
ing the power of the battery 601 . 
[0104] Now, the operation of the power supply for vi- 
10 brating compressors of this invention having the afore- 
mentioned construction will be described, referring to 
the operating waveform diagram of Fig. 9. 
[01 05] The variable oscillator 1 01 is designed so that 
when the designed resonance frequency of the vibrating 
*5 compressor 4 is 50 Hz, for example, pulses of a frequen- 
cy in the range from the lower limit of 45x2 Hz to the 
upper limit of 55x2 Hz are generated. The range of os- 
cillation frequency is determined by the time constant 
CR of the capacitance C of the capacitor 111 and the 
20 resistance R of the resistor 1 1 2 (when viewed from the 
variable oscillator 101) connected to the variable oscil- 
lator 101 , as described above. 
[01 06] The frequency generated by the variable oscil- 
lator 101 is halved by the flip-flop circuit 203 into half- 
25 periods. During the period when a pulse of a half-period 
is outputted, the FET 503 is driven by a drive signal 
shown in Fig. 9 [2] generated by the driver 204, and the 
FET 504 is driven by a drive signal shown in Fig. 9 [3] 
generated by the driver 205. Consequently, the FETs 
30 503 and 504 are alternately turned on, and thereby the 
inverter 5 generates an a-c voltage shown in Fig. 9 [4], 
which is fed to the vibrating compressor 4. 
[0107] A current having a waveform shown in Fig. 9 
[5] flows in the vibrating compressor 4 as the FETs 503 
35 and 504 are alternately turned on. Of this current, a cur- 
rent portion (Fig. 9 [6]) flowing in the vibrating compres- 
sor 4 when the FET 504 is turned on is detected by the 
shunt resistor 301 and appropriately reversed and am- 
plified in the amplifying circuit 126. 
40 [0108] The oscillation frequency generated by the 
variable oscillator 101 is inputted to the period dividing 
circuit 120, in which one period of the oscillation fre- 
quency of the variable oscillator 101 is divided into a 
predetermined ratio where the preceding time is longer 
45 than the succeeding time. The electronic switch 124 is 
turned on by the preceding time shown in Fig. 9 [8] out- 
putted from the terminal A of the period dividing circuit 
120, while the electronic switch 125 is turned on by the 
succeeding time shown in Fig. 9 [7] outputted from the 
50 terminal B of the period dividing circuit 1 20. 

[0109] A current waveform shown in Fig. 9 [9] corre- 
sponding to the aforementioned preceding time is ac- 
quired via the electronic switch 124 from the current 
flowing in the vibrating compressor 4, which is reversed 
55 and amplified by the amplifying circuit 1 26, and inputted 
to the peak detecting circuit 122. Similarly, a current 
waveform shown in Fig. 9 [10] corresponding to the 
aforementioned succeeding time is acquired via the 
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electronic switch 1 25, and inputted to the peak detecting 
circuit 123. 

[0110] In the peak detecting circuits 122 and 123, the 
maximum peaks of the current waveforms inputted 
thereto are obtained, and compared in the error ampli- 
fying circuit 121 based on any one of the maximum 
peak, that have been obtained in the peak detecting cir- 
cuit 122, for example. The error amplifying circuit 121 
outputs a control signal that reduces the difference be- 
tween the two maximum peaks to zero. This control sig- 
nal charges the capacitor 115. 
[0111] If the charging amount in the capacitor 115 
charged by the control signal from the error amplifying 
circuit 1 21 is low, and the voltage on the point Y at which 
the capacitor 115 and the resistor 116 are connected 
becomes low, the time constant CR described in refer- 
ence to the variable oscillator 1 01 changes. As a result, 
the oscillation frequency of the variable oscillator 101 
rises accordingly, and a control signal that reduces the 
difference between the maximum peaks inputted to the 
error amplifying circuit 121 to zero is outputted. Thus, 
the feedback system is stabilized, by causing the fre- 
quency of an a-c voltage driving the vibrating compres- 
sor 4 to follow the resonance frequency of the vibrating 
compressor 4. Conversely, when the voltage at the con- 
necting point Y becomes high, the oscillation frequency 
generated by the variable oscillator 101 falls to a level 
agreeing with the resonance frequency of the vibrating 
compressor 4. 

[01 12] Fig. 1 0 is a diagram of assistance in explaining 
the detection of the maximum peak of each waveform. 
As described above, a half-period corresponding to one 
period of the oscillation frequency of the variable oscil- 
lator 1 01 is divided into a predetermined ratio where the 
preceding time is longer than the succeeding time, and 
the currents flowing in the vibrating compressor 4 in the 
preceding and succeeding time are acquired so that two 
maximum peaks can be detected for the preceding and 
succeeding time with certainty even at high frequencies 
where a peak in the preceding time appears after the 
central point (Fig. 10D). Thus, the frequency of an a-c 
voltage driving the vibrating compressor 4 can be 
caused to agree with the resonance frequency of the 
vibrating compressor 4. 

[01 13] A of the figure shows the case where the drive 
frequency of the vibrating compressor 4 is the optimum 
frequency at which the maximum peak in the preceding 
time is almost equal to the maximum peak in the suc- 
ceeding time. At this time, the efficiency of the vibrating 
compressor 4 is close to the maximum, as described 
above, and the current value becomes the minimum 
(Japanese Published Unexamined Patent Application 
No. Sho-61(1986)-1 73676). 

[0114] B of the figure shows the case where the drive 
frequency of the vibrating compressor 4 is low, and C of 
the figure shows the case where the drive frequency of 
the vibrating compressor 4 is high. In the case of B, a 
control signal that increases the oscillation frequency of 



the variable oscillator 1 0 1 is outputted from the error am- 
plifying circuit 121 so as to obtain a waveform as shown 
in A of the figure, as described above. In the case of C, 
on the other hand, a control signal that reduces the os- 

5 cillation frequency of the variable oscillator 101 is out- 
putted from the error amplifying circuit 121 so as to ob- 
tain a waveform as shown in A of the figure. 
[0115] E of the figure shows for reference the state 
where one period of the oscillation frequency of the var- 

10 iable oscillator 1 01 is halved in such a manner that the 
preceding time (G of the figure) is longer than the suc- 
ceeding time (F of the figure) by setting the level to L. 
[01 1 6] Even if the resonance frequency of the vibrat- 
ing compressor 4 changes due to changes in load, etc. , 

15 the vibrating compressor 4 can be driven at the highest 
efficiency because an oscillation frequency following the 
resonance frequency is generated by the variable oscil- 
lator 101, and the FETs 503 and 504 in the inverter 5 
are alternately turned on via the inverter control circuit 

20 200. 

[01 17] A voltage detecting circuit 8 shown in Fig. 8 is 
constructed so that when the power-source voltage in- 
creases due to the overcharge of the battery 601 , for 
example, the voltage detecting circuit 8 detects the pow- 

25 er-source voltage to reduce the output pulse width of the 
variable oscillator 1 01 and the duration when the FETs 
503 and 504 are alternately turned on, thereby prevent- 
ing the valve hitting phenomenon in the vibrating com- 
pressor 4, caused by an excessively extended piston 

30 stroke. 

[01 1 8] An atmosphere detecting circuit 9 detects the 
ambient temperature in the refrigerator to reduce the 
output pulse width of the variable oscillator 1 01 and the 
duration when the FETs 503 and 504 are alternately 

35 turned on, thereby preventing the valve hitting phenom- 
enon in the vibrating compressor 4, caused by an ex- 
cessively extended piston stroke. 
[0119] Fig. 11 is a circuit diagram illustrating a more 
specific embodiment of Fig. 8, and Fig. 12 is a circuit 

4Q diagram showing specific embodiments of the frequen- 
cy following circuit, battery monitor circuit and thermo- 
control circuit used in Fig. 11 . 

[0120] in Figs. 11 and 12, a polarity reversing circuit 
700 as shown in Fig. 7 is constructed using an FET 1 . 

45 The polarity reversing circuit 700 comprises, in addition 
to the FET 1 , a choke coil 703, a diode D3, an opera- 
tional amplifier 132 in an IC2 (TL494, for example), a 
capacitor C5, resistors R8 through R10, R14 and R15, 
and generates a negative -12-V voltage on the anode 

50 side of the diode D3, as described in reference to Fig. 
7. Since the FET 1 is used as a switching element, the 
drive power for the FET 1 is obtained from a charge 
pump circuit consisting of a diode D1 , a resistor R1 , a 
constant voltage diode ZD1 and a capacitor C1 . That is, 

55 the gate side of the FET 1 is kept at a voltage +12-V 
(voltage of the battery 601) higher with respect to the 
source of the FET 1 , which is assumed to be a temporary 
ground. When the FET 1 is turned off, the voltage of the 
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source becomes negative, conducting the diode D1 to 
charge the capacitor C1 . When the FET 1 is turned on, 
the source voltage rises up to +12 V, but the gate side 
is always kept at a voltage +1 2 V higher than the source 
voltage due to the voltage charged in the capacitor C1 , 
[0121] The gate voltage of the FET 1 is driven via a 
high-speed photo-coupler IC1 (TLP550, for example). 
The drive circuit comprising transistor TR1 and TR2, a 
diode D2, a capacitor C2, resistors R3 through R7 is a 
commonly known high-speed circuit and controlled by 
a transistor 131 in the IC2 (TL494, for example). 
[01 22 J The resistors R1 4 and R1 5 detect the reversed 
output voltage to control the pulse width generated 
in the FET 1 so that the sum of the detected voltage 
R15»V oul /(R14+R15) and the internal reference voltage 
(V ref ) appearing on Pin No. 14 of the IC2 is always kept 
atO V. 

[01 23] Since V out = -(1 +R1 4/R1 5)^ is derived from 
V ref +R15 (R14+R15), a -12-V voltage having the 
same absolute value as the voltage of the battery 601 
can be produced by properly selecting the resistors R1 4 
and R15. The oscillation frequency of the IC2 is deter- 
mined by the time constant of the capacitor C3 and the 
resistor R13 and set at approximately 50 kHz. 
[0124] The FETs 2 and 3 forfeeding a-c voltage to the 
vibrating compressor 4 form what is called an SEPP cir- 
cuit. Because an about 12-V voltage is generally applied 
to the source of an FET as the gate voltage, power volt- 
ages of different systems are prepared for FETs. 
[0125] That is, the power of the FET 2 is obtained from 
a charge pump circuit consisting of the diode D4, the 
resistor R16, the constant-voltage diode ZD2 and the 
capacitor C7. In other words, the gate side obtains a 
voltage +1 2 V higher than the source of the FET 2. Since 
the drain-source voltage of the FET 2 becomes 24 V 
because the FET 3 is turned on when the FET 2 is turned 
off, the source of the FET 2 is kept at +1 2 V by connect- 
ing the constant-voltage diode 2D2. Furthermore, the 
charge pump circuit, together with the photo-coupler 
IC4-2/2 (TLP521, for example) and the resistor R19, 
forms the driver for the FET 2, which corresponds to the 
driver 204 in Fig. 8. 

[0126] The power of the FET 3 is obtained from a 
charge pump circuit consisting of the diode D5 and the 
capacitor C6. That is, the gate side obtains a voltage 
+12-V higher than the source of the FET 3. In other 
words, the power for the FET 3 does not exceed +1 2 V, 
requiring no constant-voltage diode because it is fed 
from the ground via the diode D5 when the FET 3 is 
turned on. The charge pump circuit, together with the 
photo-coupler IC4-1/2 and the resistor R20, forms the 
driverf or the FET 3, which corresponds to the driver 205 
in Fig. 8. 

[01 27] The gate drive signals for the FETs 2 and 3 are 
inputted via the photo-couplers IC4-2/2 and -1/2, both 
of which emit light as the transistors 133 and 134 in the 
IC 3 (SG3524, for example) corresponding to the varia- 
ble oscillator 101 and the flip flop circuit 203 of Fig. 8 



are alternately turned on and off. Since their operating 
frequency is as low as 50 to 60 Hz, they are driven di- 
rectly by the transistors in the general-purpose photo- 
couplers IC4-2/2 and -1/2. 

5 [0128] The transistors in the photo-couplers IC4-2/2 
and -1/2 are prevented from being turned on simultane- 
ously by adapting to provide a predetermined pause pe- 
riod by setting the resistor R22 and the thermistor TH2 
to appropriate values. The oscillation frequency of the 

10 IC 3 is determined by the time constant of a resistor R21 
and a capacitor C8 connected to Pin Nos. 6 and 7, re- 
spectively, but can be changed by changing the time 
constant of the resistor R21 and the capacitor C8 by in- 
putting a separate signal from the frequency following 

15 circuit to Pin No. 6 so as to initiate frequency following, 
as will be described later. That is, the oscillation frequen- 
cy of the IC 3 can be changed by providing a current 
mirror circuit that equalizes the current flowing in a ca- 
pacitor connected to Pin No. 7 and the current flowing 

20 in a resistor connected to Pin No. 6, and controlling the 
current flowing from Pin No. 6. The resistor R21 and the 
capacitor C8 correspond to the resistor 1 1 2 and the ca- 
pacitor 111 in Fig. 8. 

[01 29] As a saw tooth wave as shown in Fig. 9 [1 ] ap- 
25 pears on Pin No. 7 of the IC 3, the aforementioned tran- 
sistors 133 and 134 alternately turned on and off, and 
gate drive signals for the FETs 2 and 3 as shown in Fig. 
9(2) and (3) are generated in synchronism with the saw 
tooth wave, 

30 [0130] The current flowing in the vibrating compressor 
4 is detected by a detecting resistor R24 connected to 
the source side of the FET 3 when a negative a-c voltage 
is fed. The detecting resistor R24 corresponds to the 
shunt resistor 301 shown in Fig. 8. The current on the 

35 negative voltage side is detected because the negative 
voltage, which has been stabilized in the polarity revers- 
ing circuit at the preceding stage, is relatively immune 
to ripple voltage. 

[0131] In Fig. 12, numeral 100 corresponds to that 
40 shown in Fig. 8, 136 refers to a battery monitor circuit, 
and 137 to a thermo-control circuit, respectively. 
[0132] In the figure, the detected current detected by 
the detecting resistor R24 is amplified appropriately by 
the operational amplifier OP1-1 and inputted to the an- 
*s alog switches SW1 and SW2. A circuit formed by the 
operational amplifier OP1-1 and the resistors R27 to 
R30 corresponds to the amplifying circuit 126 shown in 
Fig. 6. 

[0133] The saw tooth wave shown in Fig. 9 [1 ] output- 
50 ted from Pin No. 7 of the IC 3, on the other hand, is in- 
putted to the operational amplifier OP2-4 and compared 
with a reference voltage which is divided by the resistors 
R43 and R44. The operational amplifier OP2-4 divides 
a half-period of one ON-OFF period outputted from Pin 
55 Nos. 12 and 13 of the IC 3 into a predetermined ratio 
where the preceding time is longer than the succeeding 
time by setting the resistors R43 and R44 to appropriate 
values. The preceding and succeeding time is inputted 
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to the aforementioned analog switches SW1 and SW2 
so as to turn on the analog switches SW1 and SW2 for 
their respective time intervals. 
[0134] Consequently, the waveform shown in Fig. 9 
[9] among the current waveforms detected by the de- 
tecting resistor R24 is acquired during the ON time of 
the analog switch SW1 , and the waveform shown in Fig. 
9 [10] is acquired by the analog switch SW2. A circuit 
formed by the operational amplifier OP2-4, the transistor 
TR5, and the resistors R41 through R46 corresponds to 
the period dividing circuit 120 in Fig. 8, and the analog 
switches SW1 and SW2 to the electronic switches 1 24 
and 1 25 in Fig. 8, respectively. 
[0135] A circuit formed by a diode D6, a capacitor C1 2 
and a resistor R35, and a circuit formed by a diode D8, 
a capacitor C13 and a resistor R36 hold maximum 
peaks; the former circuit holding the maximum peak of 
the waveform shown in Fig. 9 [9] acquired by the analog 
switch SW1 , and the latter circuit holding the maximum 
peak of the waveform shown in Fig. 9 [10] acquired by 
the analog switch SW2. Using the maximum peak held 
by the circuit consisting of the diode D6, the capacitor 
C12 and the resistor R35 as the reference value, the 
maximum peaks held by the two circuits are compared 
in an operational amplifier OP1 -2 so as to output a volt- 
age corresponding to the difference. 
[0136] Since the voltage corresponding to the differ- 
ence is of a pulse shape, it is smoothed by a smoothing 
circuit comprising a capacitor 1 1 and a resistor R40. The 
smoothed voltage is applied to the diode D1 2 via a buffer 
operational amplifier OP2-3, and thereby the value of 
current flowing in a resistor R61 and the current flowing 
in the resistor R21 change. That is, the time constant of 
the resistors R21 and R61 and the capacitor C8 sub- 
stantially changes, and the slope, that is, the oscillating 
period of the sawtooth wave shown in Fig. 9 [1] output- 
ted from Pin No. 7 also changes with the ON-OFF time 
of the transistors 133 and 134 in the IC 3. 
[01 37] The changes in the slope of the saw tooth wave 
outputted from Pin No. 7 of the IC 3 causes the output 
timing of the operational amplifier OP2-4 to change, and 
divide the half-period of one ON-OFF period outputted 
from Pin Nos. 12 and 13 of the IC 3 into a predetermined 
ratio where the preceding time is longer than the suc- 
ceeding time, causing the peak acquiring time of the an- 
alog switches SW1 and SW2 to change. 
[0138] The diode D1 2 is a clamp diode connected to 
prevent the oscillation frequency of the IC 3 from de- 
creasing down to a level lower than needed as the volt- 
age of the operational amplifier OP1 -2 rises at the time 
when the power is turned on. 

[01 39] As is evident from the above description , a cir- 
cuit formed by the diode D6, the capacitor C12, the re- 
sistor R35, and a circuit formed by the diode D8, the 
capacitor C13 and the resistor R36 correspond to the 
peak detecting circuits 122 and 123 in Fig. 8; a circuit 
formed by the operational amplifier OP2-3, the capacitor 
C11 and the resistors R37 through R40 corresponds to 



the error amplifying circuit 121 in Fig. 8; and the capac- 
itor C8 and the resistor R21 correspond to the capacitor 
111 and the resistor 112 in Fig. 8. 
[01 40] The operational amplifier 1 35 of the IC 3 caus- 

s es the transistors 1 33 and 1 34 to alternately turn on and 
off. If the voltage of the battery 601 rises and exceeds 
the Zener voltage of the constant-voltage diode ZD4 for 
some reason, due to overcharge, for example, the con- 
stant-voltage diode ZD4 is turned on, as shown in Fig. 

io 13. As a result, the potential on Pin No. 2 of the IC 3 
rises. 

[0141] Fig. 14 shows the state at this moment. The 
level L2 in Fig. 14A corresponds to the potential on Pin 
2 of the IC 3, and rises as shown by a solid line. As the 

15 level L2 rises, the points at which the level L2 intersects 
the saw tooth wave, and as a result, the output pulse 
widths of the transistors 1 33 and 1 34, that is, the output 
pulse widths on Pin Nos. 12 and 13 of the IC 3 are re- 
duced, as shown in Fig. 14B and 14C. Dotted lines in 

20 Fig. 14 show the state before the voltage rises. 

[0142] This reduces the ON time width in which the 
FETs 2 and 3 are alternately turned on, lowering the sup- 
ply voltage to the vibrating compressor 4. Thus, the 
valve hitting phenomenon in the vibrating compressor 4 

25 is prevented. 

[0143] When the voltage of the battery 601 is below 
a predetermined voltage, on the other hand, the con- 
stant-voltage diode ZD4 is turned off, and the potential 
on Pin No. 2 of the IC 3 is determined by the resistance 

30 ratio of the resistor R22 and the thermistor TH2. 

[0144] The thermistor TH2 detects the ambient tem- 
perature of the refrigerator. As the ambient temperature 
of the refrigerator lowers, the resistance value of the 
thermistor TH2 rises, and the potential on Pin No. 2 of 

35 the IC 3, that is, the level L2 rises. 

[0145] As a result, the output pulse widths on Pin Nos. 
12 and 13 of the IC 3 are reduced, as in the above de- 
scription. Thus, the valve hitting phenomenon of the vi- 
brating compressor 4 is prevented even when the am- 

40 bient temperature of the refrigerator lowers. 

[01 46] Fig. 1 5 is a diagram of assistance in explaining 
part of the construction of another embodiment of 
means for preventing the valve hitting phenomenon. 
[0147] The construction shown in the figure is essen- 
tially the same as that shown in Fig. 1 1 , except that the 
voltage of the battery 601 (more precisely, the voltage 
of the battery 601 as passed through the diode D1) is 
applied directly to the resistor R22. As the voltage of the 
battery 601 changes, the potential on Pin No. 2 of the 
50 |C 3, that is, the level L2 also changes. As the voltage 
of the battery 601 increases, the potential on Pin No. 2 
of the IC 3 increases, and the level L2 in Fig. 14A rises. 
This prevents the valve hitting phenomenon in the vi- 
brating compressor 4, as in the above description. 
55 [01 48] The battery monitor circuit 1 36 is connected to 
protect the battery 601 when the voltage thereof drops. 
When the voltage of the battery 601 falls below a pre- 
determined voltage, the output of the operational ampli- 
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tier OP2-1 becomes the H level, stopping the operation 
of the ICs 2 and 3. At this time, the drop of the battery 
voltage is displayed by lighting the lamp LED2. 
[01 49] The thermo-control circuit 1 37 stops the oper- 
ation of the ICs 2 and 3 when the temperature inside the 
refrigerator rises above a temperature preset by a tem- 
perature setting variable resistor VR1 . That is, when the 
thermistor TH1 for detecting the temperature in the re- 
frigerator detects a temperature below the voltage pre- 
set by the temperature setting variable resistor VR1 , the 
output of the operational amplifier OP2-2 becomes the 
L level, actuating the ICs 2 and 3. When the thermistor 
for detecting the temperature inside the refrigerator de- 
tects a temperature above the temperature preset by the 
temperature setting variable resistor VR1 , the output of 
the operational amplifier OP2-2 becomes the H level, 
stopping the operation of the ICs 2 and 3 to save the 
power of the battery 601 . 

[01 50] Since the operation of the circuits in the above 
construction is essentially the same as that in the con- 
struction shown in Fig. 8, except for the battery monitor 
circuit 136 and the thermo-control circuit 137, descrip- 
tion of the operation is omitted here. 
[01 51 ] Fig. 1 6 shows the construction of another em- 
bodiment of this invention. 

[01 52] The embodiment shown in Fig. 1 6 has essen- 
tially the same construction as that shown in Fig. 4, ex- 
cept for part of the control section 1 .Thatis.thefrequen- 
cy following circuit 1 00 in the control section 1 compares 
the mean values of currents flowing in the shunt resistor 
301 in the half -period of one period of the oscillation fre- 
quency generated by the variable oscillator 101, and 
outputs a control signal to change the oscillation fre- 
quency of the variable oscillator 101 so that the differ- 
ence becomes a predetermined value. Since pulses of 
a frequency corresponding to the control signal is gen- 
erated by the variable oscillator 1 01 , an a-c voltage hav- 
ing a frequency following the changes in resonance fre- 
quency in accordance with changes in the load of the 
vibrating compressor 4 can be generated, permitting the 
vibrating compressor 4 to be driven at the highest effi- 
ciency. 

[0153] Currents flowing at each half-period in the 
shunt resistor 301 are acquired by the reversing circuit 
113, and the analog switches 141 and 142, and the ac- 
quired currents are averaged in the mean value circuits 
143 and 144. The arithmetic circuit 145 compares both 
mean values, and outputs a control signal that reduces 
the difference to a predetermined value. 
[01 54] Next, description will be made, referring to Fig. 
17, which is a diagram of assistance in explaining the 
operating waveforms. 

[0155] The variable oscillator 101 is preset so that 
when the designed resonance frequency of the vibrating 
compressor 4 is 50 Hz, a pulse frequency of 100 Hz, 
twice the 50-Hz resonance frequency, is oscillated (A of 
Fig. 17). 

[01 56] The variable oscillator 1 01 can change the os- 



cillation frequency of 100 Hz, as noted earlier. The os- 
cillation frequency of 100 Hz is determined by the time 
constant CR of the capacitance C of the capacitor 111 
and the resistance R of the resistor 112 (when viewed 
5 from the variable oscillator 1 01 ) connected to the varia- 
ble oscillator 101. 

[01 57] The flip-flop circuit of the frequency divider 201 
halves 1 00 Hz of the oscillation frequency of the variable 
oscillator 101 , and the output thereof Q and Q controls 
10 to alternately turn on the FETs 503 and 504 in the invert- 
er 5 via each driver of the switching element control cir- 
cuit 202. 

[0158] Noting the FET 503, when the FET 503 is 
turned on (B of Fig. 1 7), a current flowing in the vibrating 
15 compressor 4 is detected by the shunt resistor 301 (C 
of Fig. 17). 

[01 59] Since 1 00-Hz pulses generated by the variable 
oscillator 1 01 turn on the analog switch 141 and the an- 
alog switch 1 42 via the reversing circuit 113, the current 
20 flowing in the vibrating compressor 4 detected by the 
shunt resistor 301 is halved by the analog switches 1 41 
and 142, and the current waveforms shown by D and E 
in Fig. 17 are inputted to the mean value circuits 143 
and 144, respectively. 
25 [0160] The current waveforms inputted to the mean 
value circuits 143 and 144 are averaged, and inputted 
to the arithmetic circuit 145. The arithmetic circuit 145 
compares the averaged current waveforms, using as 
the reference value any one thereof (the averaged cur- 
30 rent waveform inputted to the mean value circuit 143, 
for example) . The arithmetic circuit 1 45 outputs a control 
signal that makes the difference between the inputted 
current waveforms a predetermined value, and charges 
the capacitor 115. 
35 [01 61 ] If the charging amount charged in the capacitor 
115 by the control signal from the arithmetic circuit 145 
is low, and the voltage at the point Y at which the capac- 
itor 1 1 5 and the resistor 1 1 6 are connected become low- 
er, the aforementioned time constant CR changes. As 
40 a result, the oscillation frequency of the variable oscil- 
lator 101 becomes higher accordingly, a control signal 
that makes the difference between the current wave- 
forms inputted to the arithmetic circuit 145 a predeter- 
mined value is outputted to stabilize the feedback sys- 
45 tern. That is, the oscillation frequency of the variable os- 
cillator follows the resonance frequency of the vibrating 
compressor 4. Conversely, if the voltage at the connect- 
ing point Y becomes higher, the oscillation frequency of 
the variable oscillator 101 becomes lower, and control 
50 is effected so as to agree with the resonance frequency 
of the vibrating compressor 4. 
[0162] As described above, since this invention has 
such a construction that pulses of a frequency following 
the resonance frequency of the vibrating compressor 4 
55 is generated by the variable oscillator 101 so as to al- 
ternately turn on the FETs 503 and 504 in the inverter 5 
via each driver of the frequency divider 201 and the 
switching element control circuit 202, the vibrating com- 
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pressor 4 can be driven at the maximum efficiency even 
when the load of the vibrating compressor 4 changes. 
[01 63] Aside from the embodiment described above, 
the same effects can be achieved by replacing the mean 
value circuits 143 and 144 in Fig. 16 with integration cir- 
cuits so that inputted current waveforms are integrated 
by the integration circuits and inputted to the arithmetic 
circuit 145 so as to make the difference between the in- 
tegrated values of the current waveforms inputted to the 
arithmetic circuit 145 a predetermined value. 
[01 64] Fig. 1 8 shows the construction of still another 
embodiment of this invention. 
[0165] The embodiment shown in Fig. 1 8 has essen- 
tially the same construction as that shown in Fig. 4, ex- 
cept for part of the control section 1 . That is, this em- 
bodiment is characterized in that the control section 1 
has a mean value circuit 151, and a minimum current 
control circuit 150 in which the oscillation frequency of 
the variable oscillator 1 01 is controlled so as to minimize 
the mean value of the current flowing in the vibrating 
compressor 4 by gradually changing the oscillation fre- 
quency of the variable oscillator 101 at predetermined 
time intervals. 

[0166] The minimum current control circuit 150 con- 
trols the oscillation frequency of the variable oscillator 
1 01 so as to minimize the mean value of the current flow- 
ing in the vibrating compressor 4 by gradually changing 
the oscillation frequency of the variable oscillator 1 01 at 
predetermined time intervals. 
[0167] In other words, the minimum current control 
circuit 1 50 is caused to effect control so that a frequency 
f 4 that minimizes the mean current I is oscillated by the 
variable oscillator 1 01 in Fig. 1 9 which is a characteristic 
diagram of an embodiment of the vibrating compressor. 
At this time, or when a frequency f 4 that minimizes the 
mean current I is oscillated from the variable oscillator 
1 01 , the efficiency of the vibrating compressor 4 reach- 
es almost the maximum. That is, it is said that the max- 
imum point of efficiency lies between the peak of deliv- 
ery and the minimum current value. This characteristic 
has been experimentally elucidated after years of re- 
search by the present applicant. 
[01 68] In other words, the maximum efficiency can be 
accomplished by minimizing the current. Control is ex- 
ercised therefore to minimize the current in this inven- 
tion. 

[0169] In the following, description will be made about 
a specific method of generating from the variable oscil- 
lator 1 01 a frequency f 4 that minimizes the mean current 
I in Fig. 18. 

[0170] The variable oscillator 101 is preset so as to 
oscillate pulses of a frequency in a range from the lower 
limit of 45 Hz to the upper limit of 55 Hz when the de- 
signed resonance frequency of the vibrating compres- 
sor 4 is 50 Hz. The oscillation frequency in this range 
can be determined by the time constant CR of the ca- 
pacitance C of the capacitor 111 and the resistance R 
of the resistor 112 (when viewed from the variable os- 



cillator 101) connected to the variable oscillator 101 . 
[0171] Pulses of a frequency generated by the varia- 
ble oscillator 101 effect control so as to alternately turn 
on the FETs 503 and 504 in the inverter 5 via each driver 

5 of the transistor control circuit 202. 

[0172] Noting the FET 503, a current flowing in the 
vibrating compressor 4 is detected by the shunt resistor 
301 when central is exerted so as to turn on the FET 503. 
[01 73] The current flowing in the vibrating compressor 

io 4 detected by the shunt resistor 301 is amplified appro- 
priately by the amplifier 1 52, and averaged by the mean 
value circuit 151 consisting of the capacitor 1 53 and the 
resistor 154. 

[0174] The counter 155, on the other hand, counts 
*s pulses of about 1 kHz, for example, to close the analog 
switches 1 56 and 1 57 in the following sequence at pre- 
determined time intervals, once every 2 seconds, for ex- 
ample so that the mean current value averaged by the 
mean value circuit 151 is inputted to the arithmetic circuit 
20 158. 

[0175] That is, after the analog switch 157 is closed 
and, when the oscillation frequency of the variable os- 
cillator 1 01 is f 1 at this time, a mean current l 1 averaged 
by the mean value circuit 151 is acquired by the arith- 

25 metic circuit 158. The counter 155 outputs to the tran- 
sistor 159 a signal for increasing the oscillation of the 
variable oscillator 1 01 by 0.5 Hz, for example. This caus- 
es the variable oscillator 101 to oscillate an oscillation 
frequency f 2 = f 1 + 0.5, and a mean current l 2 of the cur- 

30 rent flowing in the vibrating compressor 4 at this time is 
acquired by the mean value circuit 1 51 . The counter 1 55 
closes the analog switch 156. The arithmetic circuit 158 
acquires this mean current l 2 via the analog switch 156, 
and compares the mean current l 2 with the mean current 

35 | v 

[0176] In the following, description will be made, re- 
ferring to the characteristic curves in Fig. 19. Since the 
mean current l 1 > the mean current l 2t the frequency 
that minimizes the mean current I of the current flowing 

40 in the vibrating compressor 4 lies in a region higher than 
the frequency f 2 . After the lapse of a predetermined 
time, the counter 155 closes the analog switch 157, 
causes the arithmetic circuit 158 to acquire the mean 
current l 2 averaged by the mean value circuit 1 51 at the 

45 oscillation frequency f 2 of the variable oscillator 101 , and 
then outputs to the transistor 1 59 a signal that increases 
the oscillation frequency of the variable oscillator 1 01 by 
0.5 Hz. This causes the variable oscillator 1 01 to oscil- 
late an oscillation frequency f 3 = f 2 4- 0.5, and as a result 

so a mean current l 3 of the current flowing in the vibrating 
compressor 4 is acquired by the mean value circuit 151. 
The counter 155 closes the analog switch 156. The 
arithmetic circuit 158 acquires the mean current l 3 via 
the analog switch 156, and compares the mean current 

55 | 3 with the mean current l 2 . 

[0177] In the same manner, when a mean current l 4 
averaged by the mean value circuit 1 51 at an oscillation 
frequency f 4 and a mean current l 5 averaged by the 
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mean value circuit 151 at an oscillation frequency f 5 are 
compared in the arithmetic circuit 1 58, the output of the 
arithmetic circuit 158 is reversed and becomes the H 
level. That is, it is detected that a frequency that mini- 
mizes the mean current of the current flowing in the vi- 
brating compressor 4 lies between the frequency f 3 and 
the frequency f 5 . 

[01 78] The oscillation frequency of the variable oscil- 
lator 1 01 is returned to f 4 (or it may be f 3 ) by the reversed 
output of the H level in the arithmetic circuit 158. 
[0179] Similarly, the counter 155 closes the analog 
switch 157 after the lapse of a predetermined time, and 
causes the arithmetic circuit 1 58 to acquire a mean cur- 
rent l 4 averaged in the mean value circuit 151 at an os- 
cillation frequency f 4 of the variable oscillator 1 01 . After 
that, the counter 1 55 outputs to the transistor 1 59 a sig- 
nal that increases the oscillation frequency of the varia- 
ble oscillator 101 by 0.5 Hz. This causes the variable 
oscillator 1 01 to oscillate an oscillation frequency of f 5 
= f 4 + 0.5, and a mean current l 5 of the current flowing 
in the vibrating compressor 4 is obtained in the mean 
value circuit 151. The counter 155 closes the analog 
switch 156, and the arithmetic circuit 158 acquires the 
mean current l s via the analog switch 156, and com- 
pares the mean current l 4 with the mean current l 5 . 
[01 80] Even when the load of the vibrating compres- 
sor 4 changes, causing the characteristic curves in Fig. 
1 9 to change, a frequency that minimizes the mean cur- 
rent I of the current flowing in the vibrating compressor 
4 is automatically followed, and the oscillation frequency 
of the variable oscillator 1 01 Is set so that the mean cur- 
rent I is always kept at the minimum. Thus, the vibrating 
compressor 4 can be kept driven at the maximum effi- 
ciency. 

[0181] The minimum current control circuit 150 in Fig. 
1 8 may be of any type of construction, or of a type using 
a microprocessor so long as it gradually changes the 
oscillation frequency of the variable oscillator 1 01 , com- 
pares the mean currents of the current flowing in the vi- 
brating compressor 4 at that time, and automatically 
sets in th e variable oscillator a frequency that minimizes 
the mean current I. 

[01 82] The detecting method may be such that a cur- 
rent flowing in the vibrating compressor 4 is detected 
with an a-c component of the vibrating compressor 4, 
and rectified to convert it into a mean current. 
[0183] Fig. 20 shows the construction of still another 
embodiment of this invention. 

[0184] In Fig. 20, the anode side of the diode 181 in 
the charge pump circuit 180 is grounded. Two control 
signals outputted from the IC circuit 1 85 are inputted in 
each gate of the FETs 503 and 504, after one of the two 
control signals is reversed by the transistor 184, to al- 
ternately turn on and off the FETs 503 and 504. 
[01 85] Assuming that a control signal that turns off the 
FET 503, for example, and turns on the FET 504 is out- 
putted from the IC circuit 1 85 and the transistor 1 84, the 
current flowing in the vibrating compressor 4 flows in the 



direction shown by an arrow in the figure, and the ca- 
pacitor 1 82 in the charge pump circuit 1 80 is charged at 
12 V in the polarities shown in the figure, that is, with 
the cathode side of the diode 181 turned to +, and the 

5 source side of the FET 503 to -. 

[0186] When control signals outputted from the IC cir- 
cuit 1 85 and the transistor 1 84 are reversed, and a con- 
trol signal that turns on the FET 503 and turns off the 
FET 504 is outputted, the voltage charged in the capac- 

10 itor 182 is applied to the gate of the FET 503 via the 
resistor 188. 

[0187] Since the anode side of the diode 181 in the 
charge pump circuit 1 80 is grounded, no additional volt- 
age is applied from the diode 1 81 to the already charged 

is capacitor 1 82. That is, the gate-source of the FET 503 
is driven by the voltage charged in the capacitor 182, 
and no more voltage is applied to the FET 503. Thus, 
the FET 503 can be of a low dielectric strength. 
[0188] Since the operation of other circuits is essen- 

20 tially the same as that in Fig. 4, description about it is 
omitted. 

[0189] Fig. 21 shows the construction of still another 
embodiment of this invention. 

[0190] The embodiment shown in Fig. 21 detects that 

25 the counter electromotive force generated in a drive coil 
has been recovered in the vicinity of 0 V, and supplies 
drive current to the drive coil from the outside at that 
timing to ensure efficient operation. 
[0191] In the figure, the vibrating compressor 4 is con- 

30 nected between the source of the FET 510 and the 
ground, and the drain of the FET 510 is connected to 
the positive side (+1 2 V) of the battery 601 . The gate of 
the FET 510 is connected to the driver 210, and to the 
gate voltage circuit 220, from which the gate voltage 

35 of about 1 2 V is supplied. 

[0192] The driver 210 receives a pulse signal output- 
ted by the timer IC 1 60 (NE555, for example), based on 
which the gate signal of the FET 510 is generated. The 
power voltage V^.1 of +7.5 V is supplied from the stabi- 

40 lizing circuit 161 to the timer IC 160. The timer IC 160 
operates as an astable multivibrator, and the ON-OFF 
time of the output is determined by the resistors R3 and 
R4, and the capacitor C4 connected to Pin Nos. 6 and 
7, as shown in the figure, and is normally expressed by 

45 the ON time of T1 = 0.693 (R3 + R4)»C4, and the OFF 
timeofT2 = 0.693*R4»C4. 

[0193] Pin No. 5 of the timer IC 1 60 is connected to 
the timerforced actuating circuit 1 62 that forcibly revers- 
es the OFF output on Pin No. 3 at a certain timing, as 

50 will be described. 

[0194] The battery monitor circuit 136 that protects 
the battery 601 and the thermo-control circuit 137 that 
keeps the temperature inside the refrigerator constant 
are connected to the driver 210. Numeral 163 refers to 

55 a counter electromotive force clamp circuit for clamping 
the counter electromotive force generated in the vibrat- 
ing compressor 4. 

[01 95] The operation of the power supply for vibrating 
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compressors of this invention having the aforemen- 
tioned construction will be described in the following. 
[0196] The FET 510 is a source follower in which a 
voltage about 12 V higher than the potential of the 
source is provided, after stabilized by the gate voltage 
circuit 220, as a voltage that is applied to the gate- 
source, after stabilized by the gate voltage circuit 220. 
That is, when the FET 51 0 is turned off, the counter elec- 
tromotive force shown in Fig. 22 (3) is generated on the 
source side of the FET 51 0 by the inductance of the vi- 
brating compressor 4. At this time, the diode D1 is con- 
ducting, charging the capacitor C3 to maintain the power 
voltage V^.2. At this time, the power voltage is 
maintained at about 12 V by the constant-voltage diode 
ZD1. 

[0197] In the following, description will be made, re- 
ferring to Fig. 22, which is a time chart of assistance in 
explaining the operation. 

[0198] When the output on Pin No. 3 of the timer IC 
160 becomes L (Fig. 22 (1)), a transistor in the photo- 
coupler IC2 (TLP51 2, for example) is turned on via the 
normally turned-on transistor TR3, the voltage of 
about 12 V is applied to the gate of the FET 510 (Fig. 
22 (2)), turning on the FET 510. The voltage of the bat- 
tery 601 is therefore applied to the vibrating compressor 
4 (Fig. 22 (3)). The optimum time in which voltage is ap- 
plied to the vibrating compressor 4 is empirically deter- 
mined by the construction of the vibrating compressor 
4, and set at the OFF time T2. 
[01 99] After the lapse of the OFF time T2, the output 
on Pin No. 3 of the timer IC 1 60 becomes H (Fig. 22 (1 )), 
and the FET 510 is turned off. At this time, a counter 
electromotive force having a deep negative voltage is 
generated by the inductance of the vibrating compres- 
sor 4, as shown in Fig. 22 (3). This counter electromotive 
force is gradually recovered and almost exceeds 0 V. 
The time up to the zero-cross time (the point X in Fig. 
22 (3)) changes with pressure and temperature condi- 
tions of the vibrating compressor 4. It is empirically 
known that the best operating efficiency can be accom- 
plished by applying the next pulse at the point X shown 
in Fig. 22 (3). The timer IC 160 is therefore actuated at 
this timing, and the output of the timer IC 1 60 is forcibly 
reversed at the timing where the counter electromotive 
force is about to exceed 0 V from H to L, that is, from 
the ON time T1 to the OFF time T2. 
[0200] Since the source of the FET 51 0 is kept at neg- 
ative potential (Fig. 22 (3)) by the counter electromotive 
force during the period when the FET 51 0 is turned off, 
the base of the transistor TR2 in the timer forced actu- 
ating circuit 1 62 is reverse-biased, leaving the transistor 
TR2 in the OFF state. As the counter electromotive force 
is recovered and the source side of the FET 51 0 is about 
to exceed 0 V, the transistor TR2 is turned on at that 
timing, and the point c on the collector side is reversed 
from H to L (Fig. 22 (5)). The change from H to L at the 
point c on the collector side is differentiated by the dif- 
ferentiation circuit consisting of the resistor R6 and the 



capacitor C6, the trigger waveform shown in Fig. 22 (6) 
appears at the point d on the cathode side of the diode 
D3. The trigger waveform shown by an upper dotted line 
that appears when the transistor TR2 is turned off and 

5 the point c on the collector side changes from L to H 
disappears as it is clamped to V^l by the diode D4. 
[0201] The aforementioned trigger waveform differ- 
entiated by the differentiation circuit formed by the re- 
sistor R6 and the capacitor C6 is inputted on Pin No. 5 

10 of the timer IC 1 60. The voltage on Pin No. 5 of the timer 
IC 160 serves as the input to control the ON time T1 
outputted from Pin No. 3, and the voltage inputted to Pin 
No. 5 is compared with the voltage charged in the ca- 
pacitor C4 on Pin No. 6. When the voltage on Pin No. 5 

'5 is lower than that on Pin No. 6, control is exerted so that 
the output on Pin No. 3 is reversed. Pin No. 5 is normally 
set at 2/3 of the power voltage V^, and higher than the 
voltage charged in the capacitor C4 inputted on Pin No. 
6 (Fig. 22 (7)). As shown in Fig. 22 (7), when the afore- 

20 mentioned trigger waveform is inputted, the voltage on 
Pin No. 5 becomes lower than the voltage charged in 
the capacitor C4 on Pin No. 6 before the voltage on Pin 
No. 6 reaches (2/3)^. This forcibly reverse the output 
on Pin No. 3 from H to L. That is, the ON time T1 on Pin 

25 No. 3 is forcibly discontinued, actuating the OFF time 
T2 (Fig 22(1)). 

[0202] The OFF time T2 at this time becomes shorter 
than T2 = 0.693»R4»C4 but an almost constant OFF time 
can be obtained since the OFF time T2 begins with a 

30 voltage lower than (2/3^. The value of the OFF time 
T2 in this invention is determined, taking into account 
the fact that the OFF time T2 becomes shorter. 
[0203] The levels of (1/3^ and (2/3)V cc in Fig. 22 
(7) represent the levels at which the voltage on Pin No. 

35 3 actuates the On time and the OFF time when the 
charged voltage in the capacitor C4 on Pin No. 5 reach- 
es these levels in a state where Pin No. 5 of the timer 
IC 1 60 is not used. 

[0204] The operational amplifier OP1 of the battery 
40 monitor circuit 1 36 compares a voltage obtained by di- 
viding the voltage of the battery 601 by the resistors R20 
and the R23 with the voltage V^l stabilized by the sta- 
bilizing circuit 161 . When the voltage of the battery 601 
is in the normal range, the output of the operational am- 
45 plifier OP1 is H, turning on the transistor TR3 via the 
constant-voltage diode ZD3 of the driver 21 0, putting the 
vibrating compressor 4 into the operating state. As the 
battery 601 drops below a predetermined voltage, the 
output of the operational amplifierOPI becomes L, tum- 
50 ing off the transistor TR3. This causes the light-emitting 
operation of a diode in the photo-coupler IC2 to discon- 
tinue, stopping the operating state of the vibrating com- 
pressor 4. 

[0205] The operational amplifier OP2 of the thermo- 
55 control circuit 1 37 always compares the voltage divided 
by the resistor R1 9 and the thermistor TH1 with the ref- 
erence voltage obtained by dividing the stabilized volt- 
age V^l by the resistors R20 and R21 . The resistance 
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of the thermistor TH1 rises when the temperature falls. 
As the temperature inside the refrigerator reaches a pre- 
set temperature, therefore, the output of the operational 
amplifier OP2 becomes L, turning the base of the tran- 
sistor TR3 to the L level to turn off the transistor TR3 
regardless of the output state of the operational amplifier 
OP1 of the battery monitor circuit 136. This causes the 
light-emitting operation of the diode In the photo-coupler 
IC2 to stop, turning off the FET 51 0. As the temperature 
inside the refrigerator rises, the output of the operational 
amplifier OP2 is reversed to H. If the output of the oper- 
ational amplifier OP1 is H, control is then exerted by the 
pulse signal outputted by the timer IC 1 60 to turn on the 
FET 510. Thus, the operation of the vibrating compres- 
sor 4 is resumed. 

[0206] Fig. 23 shows the construction of still another 
embodiment of this invention. 

[0207] The embodiment shown in Fig. 23 is based on 
the fact that a vibrating compressor can be driven under 
the optimum conditions by causing the vibrating period 
of the electrical vibrating system in a vibrating compres- 
sor to agree with the natural frequency (resonance fre- 
quency) of the mechanical vibrating system (Japanese 
Published Unexamined Patent Application Sho-61 
(1 986)-1 73676), that when the frequency of the driving 
voltage applied to the vibrating compressor is the opti- 
mum frequency, the peaks of the preceding and suc- 
ceeding halves of a half -period current waveform flow- 
ing in the vibrating compressor becomes almost equal, 
and has such a construction that the vibrating compres- 
sor is driven by causing an inverter to generate an a-c 
current of a frequency agreeing with the resonance fre- 
quency of the vibrating compressor by using a holding 
curve of the peak of the preceding half of the current 
waveform and an integration curve of the half-period 
current wave form and effecting control to forcibly re- 
verse a switching element at a timing at which both 
curves intersect with each other so that the peaks of the 
preceding and succeeding halves of the half-period cur- 
rent waveform agree with each other. 
[0208] In the figure, the vibrating compressor 4, the 
inverter 5, and the shunt resistor 301 are the same as 
used in the embodiment shown in Fig. 4. Description of 
them is therefore omitted here. 
[0209] A d-c power source 630 is a drive power source 
for the vibrating compressor 4, and at the same time 
serves as a power source for various other control cir- 
cuits. 

[0210] A pulse generating section 170 generates 
pulses for switching two FETs 503 and 504 in the invert- 
er 5; the oscillation period of the output pulses thereof 
being variable with the input of an external trigger 
[0211] A pulse forced reversing circuit 171 has a peak 
holding circuit 172 for holding the peak of the current 
waveform flowing in the shunt resistor 301 at every half- 
period of the current waveform, and an integration circuit 
173 for integrating the half-period current waveform. 
Each time constant of the peak holding circuit 172 and 



the integration circuit 1 73 is selected in advance so that 
the peaks of the preceding and succeeding halves of 
the half -period of the current waveform agree with each 
other at an intersecting point of the holding curve of the 

s peak holding circuit 1 72 and the integration curve of the 
integration circuit 173. When the holding curve of the 
peak holding circuit 172 agrees with the integration 
curve of the integration circuit 173, a trigger signal is 
generated to forcibly reverse the output pulses of the 

10 pulse generating section 1 70. The operation will be de- 
scribed in more detail in the following, referring to Fig. 
24. 

[0212] A drive circuit 230 exerts control based on the 
pulses generated by the pulse generating section 170 
15 so that the FETs 503 and 504 of the inverter 5 are alter- 
nately turned on. 

[0213] Fig. 24 is a diagram of assistance in explaining 
the timing waveform for generating a pulse forced re- 
versing trigger signal. 
20 [021 4] In the figure, an upper solid line A is a reversed 
current waveform after the current of the vibrating com- 
pressor 4 flowing in the shunt resistor 301 when the FET 
504 is turned on has been amplified appropriately. A dot- 
ted line B is a discharge current waveform in which the 
25 current waveform is discharged at a predetermined time 
constant after the peak of the preceding half has been 
held. An alternate long and short dash line C is an inte- 
grated current waveform obtained when the reversed 
current waveform A after the current of the vibrating 
30 compressor 4 has been amplified appropriately is inte- 
grated. A lower solid line D is a trigger waveform show- 
ing the timing at which the trigger signal is generated. 
[021 5] As described above, the vibrating compressor 
4 is driven at the maximum efficiency when the vibrating 
35 period of the electrical vibrating system on the power 
source side is caused to agree with the natural vibrating 
period of the mechanical vibrating system of the vibrat- 
ing compressor 4, and when the vibrating compressor 
4 is driven at the maximum efficiency, the peaks of the 
40 preceding and succeeding halves of the half-period of 
the current waveform become almost equal. 
[0216] An experiment is conducted in advance to 
cause the discharge current waveform, that is, the hold- 
ing curve, of the peak holding circuit 172, which holds 
45 the peak value in the preceding half of the half-period 
of the current waveform, and then discharges at a pre- 
determined time constant, to intersect the integrated 
current waveform, that is, the integration curve, of the 
integration circuit 1 73 when the current waveform is in- 
50 tegrated at a predetermined time constant, and to set 
each time constant of the peak holding circuit 172 and 
the integration circuit 1 73 so that the intersecting timing 
agrees with the timing of the peak of the succeeding half 
of the half -period of the current waveform. The vibrating 
55 period of the electrical vibrating system on the power 
source side can be caused to agree with the natural fre- 
quency of the mechanical vibrating system of the vibrat- 
ing compressor 4 by forcibly terminating the period of 



15 



29 



EP 0 652 632 B1 



30 



the electrical vibrating system at the timing at which this 
intersecting point is generated, and starting the next pe- 
riod. A trigger signal as shown by the lower solid line D 
is generated at the timing at which the intersecting point 
is generated. 

[0217] Next, the operation of the power supply for vi- 
brating compressors of this invention having the afore- 
mentioned construction will be described in the follow- 
ing. 

[0218] The pulse generating section 1 70 has a timer 
IC 1 60 (NE555, for example) that operates as an astable 
multivibrator. The ON-OFFtime of the pulses outputted 
from Pin No. 3 is determined by the resistors R1 and 
R2, and the capacitor C1 connected to Pin Nos. 6 and 
7, as shown in the figure, and normally expressed by 
the ON timeTI = 0.693 (R1 + R2)*C1 , and the OFF time 
T2 = 0.693*R2»C1. In this invention, the resistor R2 is 
selected to have a smaller resistance than that of the 
resistor R1 so that pulses of a duty ratio of 50% can be 
oscillated. 

[0219] To oscillate pulses of a duty ratio of 50%, the 
frequency of the pulses generated by the timer IC 160 
may be doubled, and then halved in the flip-flop circuit. 
[0220] To Pin No. 5 of the timer IC 160 is connected 
the pulse forced reversing circuit 1 71 . As will be de- 
scribed later, the OFF (L) output on Pin No. 3 is forcibly 
reversed to ON (H) by a trigger signal outputted by the 
pulseforced reversing circuit 171 at the timing described 
referring to Fig. 24. 

[0221] In the following, description will be made refer- 
ring to Fig. 25 which is a time chart of assistance in ex- 
plaining the operation of the embodiment. 
[0222] When the output pulse on Pin No. 3 of the timer 
IC 160 becomes H (Fig. 25 (1)), the transistor TR1 in 
the drive circuit 230 is turned on, causing the transistors 
TR2 and TR3 at the next stage to be turned on (Fig. 25 
(3)). As the transistor TR3 is turned on, on the other 
hand, the FET 503 is turned off (Fig. 25 (2)). Conse- 
quently, -1 2 V of the d-c power source 630 is fed to the 
vibrating compressor 4 via the FET 504. 
[0223] The optimum time during which voltage is ap- 
plied to the vibrating compressor 4, which is empirically 
predetermined by the construction of the vibrating com- 
pressor 4, is set as the ON time. 
[0224] As the ON time is elapsed, the output pulse on 
Pin No. 3 of the timer IC 160 becomes L (Fig. 25 (1)), 
and conversely the FET 503 is turned on and the FET 
504 is turned off (Fig. 25 (2) and (3)). 
[0225] In this way, the FETs 503 and 504 are alter- 
nately reversed at every period of the pulses outputted 
by the timer IC 1 60, and an a-c voltage is generated by 
the inverter 5 in accordance with the oscillation frequen- 
cy of the timer IC 160. 50 Hz, for example, is used as 
this oscillation frequency. 

[0226] As a current flowing in the vibrating compres- 
sor 4 is detected by the shunt resistor 301 (Fig. 25 (4)), 
the current detected by the shunt resistor 301 is ampli- 
fied appropriately by the operational amplifier 1 74 in the 



pulse forced reversing circuit 1 71 , and only the negative 
current component is reversed and acquired (Fig. 25 
(5)). This current is inputted to the peak holding circuit 

1 72 and the integration circuit 1 73. 

5 [0227] In the peak holding circuit 1 72, the above cur- 
rent is divided by the resistors R3 and R4, and the peak 
of the current divided by the resistors R3 and R4 is de- 
tected and held by the diode D2, the capacitor C2 and 
the resistor R5. After the peak of this current waveform 

to has been detected, the charge in the capacitor C2 is dis- 
charged by the time constant C2»R5 of the capacitor C2 
and the resistor R5 with the passage of time in accord- 
ance with the holding curve as described in Fig. 24 (Fig. 
25(6)). 

15 [0228] The current waveform outputted from the op- 
erational amplifier 174 inputted to the integration circuit 

173 charged the capacitor C3 in accordance with the 
integration curve described in Fig. 24 with the passage 
of time by the time constant C3»R6 of the capacitor C3 

20 and the resistor R6 (Fig. 25 (7)). 

[0229] The discharged voltage discharged in accord- 
ance with the holding curve of the peak holding circuit 
1 72 is compared with the charged voltage charged in 
accordance with the integration curve of the integration 

25 circuit 1 73 by the operational amplifier 1 75. As the dis- 
charged voltage of the peak holding circuit 1 72 is about 
to become lower than the charged voltage of the inte- 
gration circuit 173, that is, as the charged voltage X of 
the integration curve of the integration circuit 1 72 slightly 

30 exceeds the discharged voltage E of the holding curve 
of the peak holding circuit 1 72, the output of the opera- 
tional amplifier 1 75 is reversed from H to L, and reversed 
again from L to H immediately after that, as will be de- 
scribed later. That is, a trigger signal is generated by the 

35 pulse forced reversing circuit 1 71 (Fig. 25 (8)). 

[0230] This trigger signal is inputted to Pin No. 5 of 
the timer IC 160. Since the voltage on Pin No. 5 of the 
timer IC 1 60 serves as the input to control the ON time 
T1 of pulses outputted from Pin No. 3, the voltage input- 

40 ted to Pin No. 5 is compared with the charged voltage 
of the capacitor C1 on Pin No. 6. When the voltage on 
Pin No. 5 is lower than the voltage on Pin No. 6, control 
is effected to reverse the output pulses on Pin No. 3. 
The voltage on Pin No. 5 is normally set at 2/3 of the 

45 power voltage V^, and is higher than the charged volt- 
age of the capacitor C1 inputted to Pin No. 6 (Fig. 25 
(9)). As shown in Fig. 25 (9), however, the voltage on 
Pin No. 5 becomes lower than the charged voltage in 
the capacitor C1 on Pin No. 6. As a result, the output 

so pulses on Pin No. 3 is forcibly reversed from H to L at 
that timing. That is, the ON time T1 on Pin No. 3 is for- 
cibly terminated, and the OFF time T2 is started (Fig. 25 
(1)). 

[0231 ] With the start of the OFF time T2, the FETs 503 
55 and 504 are reversed, and a +1 2-V voltage is applied to 
the vibrating compressor 4 via the FET 503. At this time, 
the positive current flowing in the vibrating compressor 
4 is detected by the shunt resistor 301 , but this positive 
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current is cut by the operational amplifier 1 74 of the 
pulse forced reversing circuit 1 71 . During this OFF time 
T2, therefore, the charged voltage of the integration cir- 
cuit 173 comes to be discharged, and as a result the 
charged voltage becomes lower than the discharged 5 
voltage of the peak holding circuit 172. Thus, the oper- 
ational amplifier 1 75 is reversed f rom Lto H immediately 
after the start of the OFF time T2. Consequently, a trig- 
ger signal as shown in Fig. 25 (8) and (9) is generated. 
[0232] At this time, the OFF time T2 becomes shorter 10 
than the above-mentioned T2 = 0.693»R1»C1 because 
the OFF time T2 starts at a voltage lower than (2/3)7^., 
but an almost constant OFF time can be obtained. The 1 . 
value of the OFF time T2 in this invention is determined, 
taking into account this fact that it becomes shorter. « 
[0233] The levels of (1/3^ and (2/3)V cc shown in 
Fig. 25 (9) represent the levels at which the ON time and 
the OFF time are started on Pin No. .3 when Pin No. 5 
is not used, and the charged voltage charged in the ca- 
pacitor C1 on Pin No. 6 reaches this level. 2° 
[0234] In this way, the start of the OFF time T2 of the 
output pulses oscillated on Pin No. 3 of the timer IC 1 60 
is forcibly changed by the trigger signal outputted by the 
pulse forced reversing circuit 171, and synchronized 
with the vibrating period of the vibrating compressor 4. 25 
That is, the vibrating period of the electrical vibrating 
system can be caused to agree with the natural vibrating 
period of the mechanical vibrating system of the vibrat- 
ing compressor 4, and the vibrating compressor 4 can 
be driven at the maximum efficiency. so 
[0235] Although the timer IC 1 60 is used in the pulse 
generating section 1 70 in the foregoing description, oth- 
er circuits for reversing output pulses by a trigger signal, 
such as a monostable multivibrator consisting of com- 
ponents other than the timer IC, can be used. 35 
[0236] As described above, this invention makes it 
possible to provide a power supply for vibrating com- 
pressors that can generate an a-c voltage of a frequency 
following changes in the resonance frequency of the vi- 
brating compressor. With this invention, therefore, the *o 
vibrating compressor can be driven at the maximum ef- 
ficiency, and when a d-c power source, such as a bat- 
tery, is used, power consumption in the battery and the 
load on an automobile can be reduced. 
[0237] Having a polarity reversing circuit, this inven- *s 
tion can eliminate two positive and negative power 
sources, and a car battery can be used as the power 
source by tapping from a cigarette-lighter plug. 
[0238] Having an a-c/d-c automatic converter, this in- 
vention can use a commercial a-c power wherever avail- 50 
able, reducing the load on the car battery. 
[0239] Furthermore, this inventioncan protect the bat- 
tery and save power because when the d-c voltage be- 
comes higher and the ambient temperature of the refrig- 
erator becomes lower, control is exerted to keep the volt- 55 
age fed to the vibrating compressor low, preventing the 
valve hitting phenomenon of the vibrating compressor 
and improving the durability of the vibrating compressor. 



[0240] Since MOS-FETs can be used in this invention, 
high power can be supplied without the fear of the break- 
down of switching elements. 

[0241] This invention makes it possible to provide a 
frequency following circuit that can generate a frequen- 
cy following the resonance frequency of the vibrating 
compressorthat changes with changes in load and serv- 
ice environment. 



A power supply for a vibrating compressor, having 
an inverter (5) with at least one switching element 
for converting d-c into a-c and 

a d-c power source section (6) for applying a d- 

c voltage to said inverter (5), 

a current detecting means (3; 301 ) for detecting 

a current flowing in the vibrating compressor, 

and 

a control section (1 ) having a frequency follow- 
ing circuit (100) and an inverter control circuit 
(200); 

characterized In that 

said frequency following circuit (100) of said 
control section (1) comprises 
a variable oscillator for generating pulses 
whose frequency can be changed, 
a changeover circuit (102; 110, 113) that is 
used, based on the oscillation frequency of said 
variable oscillator (101), for changing over a 
current flowing in said current detecting means 
(3; 301 ) at every half-period of one period of the 
oscillations generated by said variable oscilla- 
tor (101), 

two half-period current detecting circuits (103, 
104; 122,, 123; 143, 144) for detecting peak val- 
ues or mean values or integrated values of a 
current flowing in said current detecting means 
(3; 301) during a changeover period of said 
changeover circuit (102, 110, 113), and 
an arithmetic circuit (105; 114, 115, 116; 145) 
for comparing both values held by said half -pe- 
riod current detecting circuits (103, 104; 122, 
123; 143, 144), and controlling said variable os- 
cillator (101) so as to change its oscillation fre- 
quency so that a difference between both val- 
ues becomes a predetermined value; 
said inverter control circuit (200) of said control 
section (1) comprises 

a frequency divider (201 ; 203) for halving the 
oscillation frequency of said variable oscillator 
(101), and 

a switching element control circuit (202) for al- 
ternately switching on/off said at least one 
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switching element by a frequency divided by 
said frequency divider (201 ,203). 

The power supply claimed in claim 1 , wherein said 
d-c power source section (6) comprises 

a polarity reversing circuit (700) for reversing 
the polarity of the d-c voltage. 

The power supply claimed in claim 2, wherein said 
polarity reversing circuit (700) comprises 



potential as that of said battery voltage, and 
outputting said d-c voltage to said output termi- 
nal (623), and 

a relay drive circuit (625, 626) for rectifying a 
5 secondary voltage of a transformer of said 

switching power source (621) when a commer- 
cial power source (603) is connected to said a- 
c receptable (622) and opening said normally- 
closed relay (624) contact to supply the d-c volt- 
*0 age of said switching power source (621) in 

preference to said battery. 

7. The power supply claimed in claim 1 , wherein said 
control section (1) comprises 



a pulse generating circuit (702) for generating 
pulses, 

a switching circuit (71 0) for performing switch- 15 
ing operations based on pulses generated by 
said pulse generating circuit (702), 
a choke coil (703) for accumulating electromag- 
netic energy by the switching operations of said 
switching circuit (71 0) and 20 
a series circuit of a diode (704) and a capacitor 
(705) connected in parallel with said choke coil 
(703); 

a voltage of a reversed polarity being obtained 
at a connecting point of said diode (704) and 25 
said capacitor (705). 

The power supply claimed in claim 3, wherein said 
switching circuit comprises 

30 

an N-channel MOS-FET (710) and 
a charge pump circuit (711) for charging a ca- 
pacitor (71 9) via a diode (720) and discharging 
charged voltage in said capacitor (719) via a 
resistor (721); 35 
said charge pump circuit (71 1 ) being connected 
between the gate and source of said N-channel 
MOS-FET (710). 

The power supply claimed in claim 1 , wherein said 40 
d-c power source section (6) comprises 

an a-c/d-c automatic converter (600). 

The power supply claimed in claim 5, wherein said 45 
a-c/d-c automatic converter (600) comprises 

a cigarette-lighter plug (620) connected to a 
cigarette-lighter receptacle of an automobile, 
an output terminal (623) for outputting a voltage so 
of an automobile battery connected to said cig- 
arette-lighter plug (620) via a normally-closed 
relay (624) contact, 

an a-c receptacle (622) connected to a com- 
mercial power source (603), 55 
a switching power source (621) for converting 
a commercial power connected to said a-c re- 
ceptacle (622) into a d-c voltage of the same 



a battery monitor circuit (136) that is used, 
when a battery is connected to said d-c power 
source section (6), for monitoring a voltage 
drop in said battery, and when the voltage of 
said battery falls below a predetermined volt- 
age, stopping the application of d-c voltage 
from said d-c power source section (6) to said 
inverter (5) and the operation of said frequency 
following circuit (100) of said control section (1), 
and/or a thermo-control circuit (137) that is 
used for controlling the temperature inside a re- 
frigerator, and when the temperature inside 
said refrigerator rises above a preset tempera- 
ture, stopping the application of d-c voltage 
from said d-c power source to said inverter (5) 
and the operation of said frequency following 
circuit (100) of said control section (1). 

8. The power supply claimed in claim 1 , wherein 

said inverter (5) comprises two switching ele- 
ments (503, 504); 

said changeover circuit (102) comprises a pe- 
riod dividing circuit (120), said period dividing 
circuit (120) being used, based on the oscilla- 
tion frequency of said variable oscillator (101), 
for dividing one period of the oscillations gen- 
erated by said variable oscillator (101) into a 
predetermined ratio such that a preceding time 
of said period is longer than a succeeding time; 
said two half-period current detecting circuits 
(103, 104) comprise electronic switches (124, 
125) and a peak detecting circuit (122, 123), 
said electronic switches (124, 125) acquiring 
current waveforms flowing in said current de- 
tecting means (301) at every said preceding 
and succeeding time outputted by said period 
dividing circuit (120), and said peak detecting 
circuit (1 22, 1 23) detecting the maximum peaks 
of said current waveforms acquired by said 
electronic switches (124, 125); and 
said arithmetic circuit (1 05) comprises an error 
amplifying circuit (121), said error amplifying 
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circuit (121) comparing two peaks detected by 
said peak detecting circuits (122, 123) and 
changing said oscillation frequency of said var- 
iable oscillator (101) in accordance with a dif- 
ference between said two peaks. s 

9. The power supply claimed in claim 1 , wherein 

said inverter (5) comprises two switching ele- 
ments (503, 504); 10 
said two half-period current detecting circuits 
(103, 104) comprise electronic switches (141, 
142) and two mean value circuits (143, 144), 
said electronic switches (141 , 142) being used, 
based on the oscillation frequency of said var- *5 
iable oscillator (101), for acquiring current 
waveforms flowing in said current detecting 
means (301 ) at every half-period of one period 
of the oscillations generated by said variable 
oscillator (101) and said two mean value cir- 20 
cuits (143, 144) averaging the current values of 
current waveforms acquired by said electronic 
switches (141, 142); and 
said arithmetic circuit (145) comparing both 
mean values averaged in said two mean value 25 
circuits (143, 144) and controlling said variable 
oscillator (101) so as to change its oscillation 
frequency so that a difference between both 
mean values becomes a predetermined value. 

30 

10. The power supply claimed in claim 1 , wherein 

said inverter (5) comprises two switching ele- 
ments (503, 504) ; 

said two half-period current detecting circuits 35 
(103, 104) comprise electronic switches (141, 
142) and two integration circuits (143, 144), 
said electronic switches (1 41 , 142) being used, 
based on the oscillation frequency of said var- 
iable oscillator (101), for acquiring current *o 
waveforms flowing in said current detecting 
means (301) at every half-period of one period 
of said oscillation frequency generated by said 
variable oscillator (101), and said two integra- 
tion circuits (143, 144) integrating current 45 
waveforms acquired by said electronic switch- 
es (141,142); and 

said arithmetic circuit (145) comparing both in- 
tegrated values integrated in said two integra- 
tion circuits (1 43, 1 44) and controlling said var- 50 
iable oscillator (101) so as to change its oscil- 
lation frequency so that a difference between 
both integrated values becomes a predeter- 
mined value. 

55 

11. The power supply claimed in claim 1 , wherein 

said inverter (5) comprises two switching ele- 



ments (503, 504) ; 

said two half-period current detecting circuits 
(1 03, 1 04) comprise a mean value circuit (151) 
and electronic switches (156, 157), and 
said mean value circuit (1 51 ) averaging the cur- 
rent flowing in said vibrating compressor (4) 
and detected by said current detecting means 
(301) and said electronic switches (156, 157) 
being used, based on an oscillation frequency 
of said variable oscillator (101), for acquiring 
current waveforms flowing in said current de- 
tecting means (30) at half -periods of the oscil- 
lations generated by said variable oscillator 
(101), 

said arithmetic circuit (105) comprises a mini- 
mum current control circuit (150), said mini- 
mum current control circuit (150) obtaining the 
minimum mean current by gradually changing 
the oscillation frequency of said variable oscil- 
lator (101) at intervals of a predetermined time 
and comparing two mean values acquired by 
said electronic switches (156, 157), and con- 
trolling said variable oscillator (101) to change 
its oscillation frequency so that a mean current 
becomes minimum. 

12. The power supply claimed in any one of claims 8 
through 11 , wherein said two switching elements of 
said inverter comprise two N-channel MOS-FETS 
(503, 504) each driven by positive and negative 
power sources (601, 701), said switching element 
control circuit (200) for alternately switching said 
two switching elements (503, 504) connects a 
charge pump circuit (1 80) for charging a capacitor 
(1 82) via a diode (1 81 ) and discharging the voltage 
charged in said capacitor via a resistor (188) be- 
tween the gate and source of said N-channel 
MOS-FET (502) driven by said positive power 
source (601), and the anode of the diode (181) of 
said charge pump circuit (180) is connected to the 
ground. 

13. The power supply claimed in any one of claims 8 
through 11 , wherein said power supply comprises 

a high-voltage protection circuit (8, ZD4, IC3) 
for monitoring the d-c voltage of said d-c power 
source section (6) and changing the width of 
pulses generated by said variable oscillator 
(101) when said d-c voltage rises above a pre- 
determined voltage, and/or 
a low ambient temperature protection circuit (9, 
TH2, IC3) for monitoring the ambient tempera- 
ture of a refrigerator, in which said compressor 
is used, and changing the width of pulses gen- 
erated by said variable oscillator (101), when 
the ambient temperature falls below a prede- 
termined temperature. 
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Patentansprtiche 

1. Stromversorgungseinrichtung fur einen vibrieren- 
den Kompressor, die aufweist: einen Wechselrich- 
ter (5) mit wenigstens einem Schaltelement zum 5 
Umformen von Gleichstrom in Wechselstrom, 2. 

einen Gleichspannungsquellenabschnitt (6) 
zum Anlegen einer Gleichspannung an den 
Wechselrichter (5), io 
ein StrommeBmittel (3; 301 ) zum Messen eines 3. 
in den vibrierenden Kompressor flieBenden 
Stroms und 

einen Steuerabschnitt (1) mit einer Frequenz- 
f olgeschaltung (1 00) und einer Wechselrichter- *5 
steuerschaltung (200), 

dadurch gekennzelchnet, daB 

die Frequenzf olgeschaltung (100) des Steuer- 20 
abschnitts (1) aufweist: 

einen steuerbaren Oszillator zum Erzeu- 
gen von Impulsen, deren Frequenz gean- 
dert werden kann, 25 
einen Umschaltkreis (102; 110, 113), der 
dazu dient, einen in dem StrommeBmittel 
(3; 301) flieBenden Strom in jeder Halbpe- 
riode einer Periode der durch den steuer- 
baren Oszillator (101) erzeugten Schwin- so 
gungen in Abhangigkeit von der Schwin- 4. 
gungsfrequenz des steuerbaren Oszilla- 
tors (101) umzuschalten, 
zwei Halbperioden-StrommeBschattungen 
(103, 104; 122, 123; 143, 144) zum Mes- 35 
sen der Spitzenwerte oder Mittelwerte Oder 
integrierten Werte eines in dem Strom- 
meBmittel (3;301) flieBenden Stroms wah- 
rend einer Umschaltperiode des Umschalt- 
kreises(102. 110, 113) und 40 
eine Rechenschaltung (1 05; 114, 115, 116; 
145) zum Vergleichen der beiden von den 
Halbperioden-StrommeBschaltungen 5. 
(103, 104; 122, 123; 143; 144) festgehal- 
tenen Werte und zum Steuern des steuer- 45 
baren Oszillators (101), so daB er seine 
Schwingungsfrequenz in der Weise an- 
dert, daB eine Differenz zwischen den bei- 6. 
den Werten einen vorbestimmten Wert auf- 
weist; so 



zum abwechselnden Ein- und Ausschalten 
wenigstens eines Schaltelements mit einer 
durch den Frequenzteiler (201 ; 203) geteil- 
ten Frequenz. 

Stromversorgungseinrichtung nach Anspruch 1 , bei 
der der Gleichspannungsqueltenabschnitt (6) eine 
Umpolungsschaltung (700) zum Umpolen der 
Gleichspannung aufweist. 

Stromversorgungseinrichtung nach Anspruch 2, bei 
der die Umpolungsschaltung (700) aufweist : 

eine Impulserzeugungsschaltung (702) zum 
Erzeugen von Impulsen, 
einen Schaltkreis (710) zur Ausfiihrung von 
Schalvorgangen in Abhangigkeit von Impulsen, 
die durch die Impulserzeugungsschaltung 
(702) erzeugt werden, 

eine Drosselspule (703) zum Speichern elek- 
tromagnetischer Energie durch die Schaltvor- 
gange des Schaltkreises (710) und 
eine Reihenschaltung aus einer Diode (704) 
und einem Kondensator (705), die zu der Dros- 
selspulse (703) parallel geschaltet sind; 

wobei eine Spannung mit umgekehrter Polaritat an 
einem Verbindungspunktvon Diode (704) und Kon- 
densator (705) gebildet wird. 

Stromversorgungseinrichtung nach Anspruch 3, bei 
der der Schaltkreis aufweist: 

einen N-Kanal-MOS-FET (710) und 
einen Ladungspumpkreis (711) zum Laden ei- 
nes Kondensators (71 9) uber eine Diode (720) 
und zum Entladen des Kondensators (719) 
uber einen ohmschen Widerstand (721); wobei 
der Ladungspumpkreis (711) zwischen Gate 
und Source des N-Kanal-MOS-FET (710) an- 
geschlossen ist. 

Stromversorgungseinrichtung nach Anspruch 1 , bei 
der derGleichspannungsquellenabschnitt (6) einen 
automatischen Wechselspannungs-Gleichspan- 
nungs-Umfomner (600) aufweist. 

Stromversorgungseinrichtung nach Anspruch 5, bei 
der der automatische Wechselspannungs-Gleich- 
spannungs-Umformer (600) aufweist: 



wobei die Wechselrichtersteuerschaltung 
(200) des Steuerabschnitts (1) aufweist: 

einen Frequenzteiler (201; 203) zum Hal- 55 
bieren der Schwingungsfrequenz des 
steuerbaren Oszillators (101) und 
eine Schaltelementsteuerschaltung (202) 



einen Zigarettenanzunder-Stecker (620), der 
mit einer Zigarettenanzunder-Steckdose eines 
Kraftfahrzeugs verbunden ist, 
einen AusgangsanschluB (623) zum Ausgeben 
einer Spannung einer Kraftfahrzeugbatterie, 
die mit dem Zigarettenanzunder-Stecker (620) 
uber einen Ruhekontakt eines Relais (624) ver- 
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bunden ist, 

eine Wechselspannungs-Steckdose (622), die 
mit einer kommerziellen Spannungsquelle 
(603) verbunden ist, 

zum Umformen einer kommerziellen Span- s 
nung, die an der Wechselspannungs-Steckdo- 
se (222) liegt, in eine Gleichspannung mit dem 
gleichen Betrag wie die Batteriespannung und 
zum Ausgeben der Gleichspannung an den 
AusgangsanschluB (623) und 10 
eine Relaistreiberschaltung (625, 626) zum 
Gleichrichten einer Sekundarspannung eines 
Transformators der schaltenden Spannungs- 
quelle (621), wenn eine kommerzielle Span- 
nungsquelle (603) an der Wechselspannungs- ^ 
Steckdose (622) angeschlossen ist, und zum 
Off nen des Ruhekontakts des Relais (624) zum 
Anlegen der Gleichspannung an die schalten- 9. 
de Spannungsquelle (621) anstelle der Batte- 
rie. 20 

Stromversorgungseinrichtung nach Anspruch 3, bei 
der der Steuerabschnitt (1) eine Batterieuberwa- 
chungsschaltung (136) aufweist, die benutzt wird, 
wenn eine Batterie an dem Glelchspannungsquel- 25 
lenabschnitt (6) angeschlossen ist, urn einen Abfall 
der Batteriespannung zu uberwachen, und, wenn 
die Spannung der Batterie unter eine vorbestimmte 
Spannung fallt, die Zufuhrung der Gleichspannung 
aus dem Gleichspannungsquellenabschnitt (6) an 30 
den Wechselrichter (5) und den Betrieb der Fre- 
quenzfolgeschattung (100) des Steuerabschnitts 
(1) und/oder eines Temperaturregelkrelses (137) 
an halt, der zur Regelung der Temperatur in einem 
Kuhlschrank dient, und, wenn die Temperatur in 35 
dem Kuhlschrank eine voreingestellte Temperatur 
uberschreitet, die Zufuhrung der Gleichspannung 
aus der Gleichspannungsquelle an den Wechsel- 
richter (5) und den Betrieb der Frequenzf olgeschal- 
tung (1 00) des Steuerabschnitts (1 ) anhalt. *o 

Stromversorgungseinrichtung nach Anspruch 1 , bei 
der der Wechselrichter (5) zwei Schaltelemente 
(503, 504) aufweist; 

45 

der Umschaltkreis (1 02) eine Periodenteilungs- 1 
schaltung (120) aufweist, die dazu dient, in Ab- 
hangigkeit von der Schwingungsfrequenz des 
steuerbaren Oszitlators (101) eine Periode der 
durchdensteuerbarenOszillator(101) erzeug- 50 
ten Schwingungen in einem vorbestimmten 
Verhaltnis so aufzuteilen, daB eine vorherge- 
hende Zeit der Periode langer als eine nachfol- 
gende Zeit ist; 

die beiden Halbperioden-StrommeBschaitun- 55 
gen (103, 104) elektronische Schaltungen 
(124, 125) und eine SpitzenmeBschaltung 
(1 22, 1 23) aufweisen, wobei die elektronischen 



Schalter (124, 125) Stromwellenformen, die in 
dem StrommeBmittel (301)flieBen, in jeder vor- 
hergehenden und nachfolgenden Zeit aufneh- 
men, die durch die Periodenteilungsschaltung 
(120) ausgegeben wird, und die 
SpitzenmeBschaltung (122, 123) die maxima- 
len Spitzen der Stromwellenformen feststellen, 
die von den elektronischen Schaltern (124, 
125) aufgenommen worden sind; und 
die Rechenschaltung (1 05) eine Fehlerverstar- 
kungsschaltung (1 21 ) aufweist, die die von den 
SpitzenmeBschaltungen (1 22, 1 23) festgestell- 
ten Spitzen vergleichen und die Schwingungs- 
frequenz des steuerbaren Oszillators (101) in 
Abhangigkeit von einer Diff erenz zwischen den 
beiden Spitzen andert. 

Stromversorgungseinrichtung nach Anspruch 1 , bei 
der 

der Wechselrichter (5) zwei Schaltelemente 
(503, 504) aufweist; 

die beiden Halbperioden-StrommeBschattun- 
gen (103, 104) elektronische Schalter (141, 
142) und zwei Mittelwertschaltungen (143, 
144) aufweisen; 

die elektronischen Schalter (141, 142) dazu 
dienen, in Abhangigkeit von der Schwingungs- 
frequenz des steuerbaren Oszillators (1 01 ), die 
Stromwellenformen zu erfassen, die in dem 
StrommeBmittel (301) in jeder Halbperiode ei- 
ner Periode der Schwingungen des steuerba- 
ren Oszillators (101) flieBen, und die beiden 
Mittelwertschaltungen (143, 144) den Mittel- 
wert der von den elektronischen Schaltern 
(1 41 , 1 42) erfaBten Stromwellenformen bilden; 
und 

die Rechenschaltung (145) die beiden in den 
beiden Mittelwertschaltungen (143, 144) ermit- 
telten Mittelwerte vergleicht und den steuerba- 
ren Oszillator (101) so steuert, daB seine 
Schwingungsfrequenz so geandert wird, daB 
eine Differenz zwischen beiden Mittelwerten 
gleich einem vorbestimmten Wert wird. 

. Stromversorgungseinrichtung nach Anspruch 1 , bei 
der der Wechselrichter (5) zwei Schaltelemente 
(503, 504) aufweist; 

die beiden Halbperioden-StrommeBschaltun- 
gen (103, 104) elektronische Schalter (141, 
142) und zwei Integrationsschaltungen (143, 
144) aufweisen, wobei die elektronischen 
Schalter (141 , 142) dazu dienen, in Abhangig- 
keit von der Schwingungsfrequenz des steuer- 
baren Oszillators (101), die Stromwellenfor- 
men, die in dem StrommeBmittel (301) in jeder 
Halbperiode einer Periode der Schwingungs- 
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frequenz des steuerbaren Oszillators (1 01) f lie- 
Ren, zu erfassen, und die beiden Integrations- 
schaltungen (133, 144) die von den elektroni- 
schen Schaltern (141 , 142) erfaBten Stromwel- 
lenformen integrieren; und 
die Rechenschaltung (145) die beiden von den 
beiden Integrationsschaltungen (143, 144) in- 
tegrierten Werte vergleicht und den steuerba- 
ren Oszillator (101) so steuert, daB seine 
Schwingungsfrequenz so geandert wird, daB 
eine Differenz zwischen den beiden integrier- 
ten Werten gletch einem vorbestimmten Wert 
wird. 

1 1 . Stromversorgungseinrichtung nach Anspruch 1 , bei 
der der Wechselrichter (5) zwei Schaltelemente 
(503, 504) aufweist; 

die beiden Halbperioden-StrommeBschaltun- 
gen (103, 104) eine Mittelwertschaltung (151) 
und elektronische Schalter (156, 157) aufweist 
und 

die Mittelwertschaltung (151) den Mittelwert 
des in dem vibrierenden Kompressor (4) flie- 
Benden und durch das StrommeBmittel (301) 
gemessenen Stroms ermittelt und die elektro- 
nischen Schalter (1 56, 1 57) dazu dienen, in Ab- 
hangigkeit von der Schwingungsfrequenz des 
steuerbaren Oszillators (101) die Stromwellen- 
formen zu erfassen, die in dem StrommeBmittel 
(301) in Halbwellen der Schwingungen des 
steuerbaren Oszillators (101)flieBen, 
die Rechenschaltung (1 05) eine Minimalstrom- 
Steuerschaltung (150) aufweist, die den klein- 
sten mittleren Strom durch allmahliches An- 
dern der Schwingungsfrequenz des steuerba- 
ren Oszillators (1 01) in Intervallen miteiner vor- 
bestimmten Zeit und durch Vergleichen zweier 
Mittelwerte, die durch die elektronischen Schal- 
ter (156, 157) erfaBt werden, ermittelt und den 
steuerbaren Oszillator (1 01 ) so steuert, daB er 
seine Schwingungsfrequenz so andert, daB ein 
mittlerer Strom minimal wird. 

12. Stromversorgungseinrichtung nach einem der An- 
spriiche 8 bis 1 1 , bei der die beiden Schaltelemente 
des Wechselrichters zwei N-Kanal-MOS-FETS 
(503, 504) aufweist, die jeweils durch eine positive 
und eine negative Spannungsquelle (601 , 701) be- 
trieben werden, wobei die Steuerelement-Steuer- 
schaltung (200) zum abwechselnden Einschalten 
der beiden Schaltelemente (503, 504) einen La- 
dungspumpkreis (180) zum Laden eines Konden- 
sators (1 82) uber eine Diode (181) anschlieBt und 
den Kondensator uber einen ohmschen Widerstand 
(188) zwischen Gate und Source des N-Ka- 
nal-MOS-FET (502) entladt, der durch die positive 
Spannungsquelle (601) betrieben wird, wobei die 



Anode der Diode (1 81 ) des Ladungspumpkreises 
(180) mit Masse verbunden (geerdet) ist. 

13. Stromversorgungseinrichtung nach einem der An- 
5 spruche 8 bis 1 1 , die aufweist: 

eine Hochspannungs-Schutzschaltung (8, 
ZD4, IC3) zum Uberwachen der Gleichspan- 
nung des Gleichspannungsquellenabschnitts 
(6) und zum Andern der Dauer der Impulse, die 
durch den steuerbaren Oszillator (101) erzeugt 
werden, wenn die Gleichspannung eine vorbe- 
stimmte Spannung uberschreitet, und/oder 
eine Schutzschaltung (9, TH2, IC3) fur niedrige 
Umgebungstemperatur zum Uberwachen der 
Umgebungstemperatur eines Kuhlschranks, in 
dem der Kompressor benutzt wird, und zum 
Andern der Dauer der durch den steuerbaren 
Oszillator (101) erzeugten Impulse, wenn die 
Umgebungstemperatur unter eine vorbestimm- 
te Temperatur absinkt. 



Revendications 

1 . Alimentation en courant pour un compresseur vi- 
brant, comportant un inverseur (5) pourvu d'au 
moins un el6ment de commutation destin6 a con- 
vener un courant continu en un courant alternatif, et 

une section (6) formant source de courant con- 
tinu destinge a appliquer une tension continue 
audit inverseur (5), 

des moyens (3 ; 301) de detection de courant 
destines a detecter un courant passant dans le 
compresseur vibrant, et 
une section (1) de commande comportant un 
circuit (1 00) de suivi de frequence et un circuit 
(200) de commande d'inverseur ; 

caracterisee en ce que 

ledit circuit (1 00) de suivi de frequence de ladite 

section (1) de commande comprend 

un oscillateur variable destine a produtre des 

impulsions dont on peut faire varier la fr6quen- 

ce, 

un circuit (102 ; 110, 113) de commutation que 
Ton utilise, sur la base de la frequence d'oscilla- 
tion dudit oscillateur variable (1 01), pour com- 
muter un courant passant dans lesdits moyens 
(3 ; 301 ) de detection de courant, a chaque de- 
mi-p6riode d'une pSriode des oscillations pro- 
duces par ledit oscillateur variable (101), 
deux circuits (103, 104 ; 122, 123 ; 143, 144) 
de detection de courant de demi-p6riode des- 
tines a d6tecter des valeurs de cretes, ou va- 
leurs moyennes, ou valeurs int6grees, d'un 
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courant passant dans lesdits moyens (3 ; 301) 
de detection de courant pendant une periode 
de commutation dudit circuit (1 02, 1 1 0, 1 1 3) de 
commutation, et 

un circuit arithmetique (105; 114, 115, 116; 5 

1 45) destine a comparer les deux vateu rs mai n- 

tenues par lesdits circuits (103, 104 ; 122, 123 ; 

143, 1 44) de detection de courant de demi-pe- 

riode, et a commander (edit osciliateur variable 5. 

(1 01 ) de facon a faire varier sa frequence d'os- io 

cillation pour qu'une difference entre les deux 

valeurs devienne une valeur predeterminee ; 

ledit circuit (200) de commande d'inverseur de 

ladite section (1) de commande comprend 

un diviseur de frequence (201 ; 203) destine a « 

diviser en deux la frequence d'oscillation dudit 6. 

osciliateur variable (101), et 

un circuit (202) de commande d'element de 

commutation destine a activer/desactiver, en 

alternance, ledit au moins un 6l6ment de com- 20 

mutation a I'aide d'une frequence divisee par 

ledit diviseur de frequence (20). 

2. Alimentation en courant selon la revendication 1 , 
dans laquelle ladite section (6) formant source de 25 
courant continu comprend 

un circuit (700) d'inversion de polarite destine 
a inverser la polarite de la tension de courant 
continu. & 

3. Alimentation en courant selon la revendication 2, 
dans laquelle ledit circuit (700) d'inversion de pola- 
rite comprend 

35 

un circuit (702) de production d'impulsions des- 
tine a produire des impulsions, 
un circuit (710) de commutation destin6 a ef- 
fectuer des operations de commutation sur la 
base d'impulsions produites par ledit circuit *o 
(702) de production d'impulsions, 
une bobine d'arret (703) destinee a accumuler 
de I'energie electromagnetique par les opera- 
tions de commutation dudit circuit (701) de 
commutation, et 45 
un circuit serie d'une diode (704) et dun con- 
densates (705) connecte en parallele avec la- 
dite bobine d'arret (703) ; 
une tension d'une polarite inversee etant obte- 
nue a un point de connexion de ladite diode so 
(704) et dudit condensateur (705). 

4. Alimentation en courant selon la revendication 3, 
dans laquelle ledit circuit de commutation com- 
prend 55 

un MOS-FET a canal N (710), et 

un circuit (711) de pompage de charge destine 



a charger un condensateur (71 9) via une diode 

(720) et a decharger une tension chargee dans 
ledit condensateur (719) via une resistance 

(721) ; 

ledit circuit (711) de pompage de charge etant 
connecte entre la grille et la source dudit 
MOS-FET a canal N (710). 

Alimentation en courant selon la revendication 1, 
dans laquelle ladite section (6) formant source de 
courant continu comprend 

un convertisseurautomatique (600) de courant 
altematif/courant continu. 

Alimentation en courant selon la revendication 5, 
dans laquelle ledit convertisseurautomatique (600) 
de courant altematif/courant continu comprend 

une fiche (620) d'allume-cigares connectee a 
une prise de courant d'allume-cigares d'une 
automobile, 

une borne (623) de sortie destinee a delivrer 
une tension d'une batterie d'automobile con- 
nectee a ladite fiche (620) d'allume-cigares via 
un contact a relais normalement ferme (624), 
une prise (622) de courant alternatif connectee 
avec une source de courant de secteur (603), 
une source (621) de commutation de courant 
destinee a convertir un courant de secteur con- 
nects a ladite prise (622) de courant alternatif 
en une tension continue ayant le m6me poten- 
tiel que celui de ladite tension de batterie, et a 
delivrer ladite tension de courant continu a la- 
dite borne (623) de sortie, et 
un circuit (625, 626) d'attaque de relais destine 
a redresser une tension secondaire d'un trans- 
formateur de ladite source (63) de courant de 
commutation lorsqu'une source (603) de cou- 
rant de secteur est connectee a ladite prise 
(622) de courant alternatif et a ouvrir ledit con- 
tact a relais normalement ferme (624) pour d6- 
livrer, de preference, a ladite batterie, ladite 
tension continue de ladite source (621) de cou- 
rant de commutation. 

Alimentation en courant selon la revendication 1 , 
dans laquelle ladite section (1) de commande com- 
prend 

un circuit (136) de surveillance de batterie que 
I'on utilise, lorsqu'une batterie est connectee 
avec ladite section (6) formant source de cou- 
rant continu, pour surveiller une chute de ten- 
sion dans ladite batterie et, lorsque la tension 
de ladite batterie tombe en deca d'une tension 
predeterminee, pour arreter ^application d'une 
tension continue de ladite section (6) formant 
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source de courant continu audit inverseur (5) 
et le fonctionnement dudit circuit (1 00) de suivi 
de frequence de ladite section (1) de comman- 
de, et/ou d'un circuit (137) de regulation ther- 
mique que I'on utilise pour reguler la temp6ra- s 
ture a I'interieur d'un r6frigerateur et, lorsque la 
temperature s'eldve au-dela d'une temperature 
predeterminee a I'interieur dudit refrigerateur, 
pour arreter {'application d'une tension continue 
de ladite source de courant continu audit inver- 10 
seur (5) et le fonctionnement dudit circuit (1 00) 
de suivi de frequence de ladite section (1) de 
commande. 

Alimentation en courant selon la revendication 1 , 15 
dans laquelle 

ledit inverseur (5) comprend deux elements 
(503, 504) de commutation ; 
ledit circuit (1 02) de commutation comprend un 20 
circuit (120) de division de periode, ledit circuit 

(1 20) de division de periode etant utilise, sur la 
base de la frequence d'oscillation dudit oscilla- 
teur variable (101), pour diviser une periode 
des oscillations produites par ledit oscillateur 25 
variable (101) en un rapport predetermine, de 
sorte qu'un moment precedant ladite periode 
soit plus long qu'un moment qui la suit ; 

lesdits deux circuits (103, 1 04) de detection de 
courant de demi -peYiode comprennent des 30 
commutateurs electroniques (124, 125) et un 
circuit (1 22, 1 23) de detection de cretes, lesdits 
commutateurs electroniques (1 24, 1 25) faisant 
Pacquisition de formes d'ondes de courant pas- 
sant dans lesdits moyens (301 ) de detection de 35 
courant, a chacun desdits moments precedent 
et suivant, delivres par ledit circuit (120) de di- 
vision de periode, et ledit circuit (122, 123) de 
detection de cretes detectant les cretes maxi- 
males desdites formes d'ondes de courant ac- 40 
quises par lesdits commutateurs electroniques 
(124, 125); et 

ledit circuit arithmetique (1 05) comprend un cir- 
cuit (121) ^amplification d'erreur, ledit circuit 

(121) d'ampliftcation d'erreur comparant deux 45 
cretes detectees par lesdits circuits (122, 123) 

de detection de cretes et faisant varier ladite 
frequence d'oscillation dudit oscillateur varia- 
ble (1 01 ) en fonction d'une difference entre les- 
dites deux cretes. so 

Alimentation en courant selon la revendication 1 , 
dans laquelle 

ledit inverseur (5) comprend deux elements 55 
(503, 504) de commutation ; 
lesdits deux circuits (1 03, 1 04) de detection de 
courant de demi-periode comprennent des 



commutateurs electroniques (141,1 42) et deux 
circuits (143, 144) de vaieurs moyennes, 
lesdits commutateurs electroniques (141 , 142) 
etant utilises, sur la base de la fr6quence d'os- 
cillation dudit oscillateur variable (101), pour 
acquerir des formes d'ondes de courant pas- 
sant dans lesdits moyens (301 ) de detection de 
courant, a chaque demi-periode d'une periode 
des oscillations produites par ledit oscillateur 
variable (101), et lesdits deux circuits (143, 
144) de vaieurs moyennes faisant la moyenne 
des vaieurs de courant de formes d'ondes de 
courant acquises par lesdits commutateurs 
Electroniques (141, 142) ; et 
ledit circuit arithmetique (145) comparant les 
deux vaieurs moyennes dont lesdits circuits 
(143, 144) de vaieurs moyennes ont fait la 
moyenne, et commandant ledit oscillateur va- 
riable (1 01 ) de fagon a faire varier sa frequence 
d'oscillation pour qu'une difference entre les 
deux vaieurs moyennes devienne une valeur 
predeterminee. 

10. Alimentation en courant selon la revendication 1, 
dans laquelle 

ledit inverseur (5) comprend deux elements 
(503, 504) de commutation ; 
lesdits deux circuits (103, 104) de detection de 
courant de demi-periode comprennent des 
commutateurs electroniques (141,1 42) et deux 
circuits (143, 144) d'integration, lesdits commu- 
tateurs electroniques (141, 142) etant utilises, 
sur la base de la frequence d'oscillation dudit 
oscillateur variable (101), pour acqueYir des for- 
mes d'ondes de courant passant dans lesdits 
moyens (301) de d6tection de courant a cha- 
que demi-periode d'une periode de ladite fre- 
quence d'oscillation produite par ledit oscilla- 
teur variable (101), et lesdits deux circuits (143, 
144) d'integration integrant les formes d'ondes 
de courant acquises par lesdits commutateurs 
electroniques (141, 142) ; et 
ledit circuit arithmetique (145) comparant les 
deux vaieurs integrees, integrees dans les 
deux circuits (143, 144) d'integration, et com- 
mandant ledit oscillateur variable (101) de fa- 
con a faire varier sa frequence d'oscillation 
pour qu'une difference entre les deux vaieurs 
integrees devienne une valeur predeterminee. 

11. Alimentation en courant selon la revendication 1, 
dans laquelle 

ledit inverseur (5) comprend deux 6lements 
(503, 504) de commutation ; 
lesdits deux circuits (103, 104) de detection de 
courant de demi-periode comprennent un cir- 
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cuit (151) de valeur moyenne et des commuta- 
teurs electroniques (156, 157), et 
ledit circuit (151) de valeur moyenne faisant la 
moyenne du courant passant dans ledit com- 
presseur vibrant (4) et detects par lesdits s 
moyens (301) de detection de courant, et les- 
dits commutateurs electroniques (156, 157) 
etant utilises, sur la base d'une frequence d'os- 
cillation dudit oscillateur variable (101), pour 
acquerir des formes d'ondes de courant pas- '0 
sant dans lesdits moyens (30) de detection de 
courant, a des demi-periodes des oscillations 
produites par ledit oscillateur variable (101), 
ledit circuit arithmetique (1 05) comprend un cir- 
cuit (150) de commande de courant minimal, is 
ledit circuit (150) de commande de courant mi- 
nimal obtenant le courant moyen minimal en 
faisant varier graduellement la frequence d'os- 
cillation dudit oscillateur variable (101), a des 
intervalles de temps pred6termines, et compa- 20 
rant deux valeurs moyen nes acquises par les- 
dits commutateurs electroniques (156, 157), et 
commandant ledit oscillateur variable (101) 
pour faire varier sa frequence d'oscillation de 
facon qu'un courant moyen devienne minimal. 25 

1 2. Alimentation en courant selon Tune quelconque des 
revendications 8 a 11, dans laquelle lesdits deux 
eldments de commutation dudit inverseurcompren- 
nent deux MOS-FET a canal N (503, 504), attaque so 
chacun par des sources (601 , 701) de courant po- 
sitif et negatif , ledit circuit (200) de commande d'ele- 
ments de commutation, commutant en alternance 
lesdits deux elements (503, 504) de commutation, 
connecte un circuit (180) de pompage de charge 35 
pour charger un condensateur (182) via une diode 
(1 81 ) et pour decharger la tension chargee dans le- 
dit condensateur via une resistance (188) connec- 
tee entre la grille et la source dudit MOS-FET a ca- 
nal N (502) attaque par ladite source (601 ) de cou- 40 
rant positif , et 1'anode de la diode (1 81 ) dudit circuit 
(1 80) de pompage de charge est connectee avec 
la masse. 

13. Alimentation en courant selon Tune quelconque des « 
revendications 8 a 11, dans laquelle ladite alimen- 
tation en courant comprend 

un circuit (8, ZD4, IC3) de protection contre une 
haute tension destine a surveiller la tension de 50 
courant continu de ladite section (6) formant 
source de courant continu et a faire varier la 
largeur d'impulsions produites par ledit oscilla- 
teur variable (101) lorsque ladite tension de 
courant continu s'eleve au-deta d'une tension 55 
predeterminee, et/ou 

un circuit (9, TH2, 1C3) de protection contre une 
basse temperature ambiante, destine a sur- 



veiller la temperature ambiante d'un refrigera- 
teur dans lequel on utilise ledit compresseur, et 
a faire varier la largeur d'impulsions produites 
par ledit oscillateur variable (101) lorsque la 
temperature ambiante chute en deca d'une 
temperature predetermlnee. 
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FIG. 7 
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FIG. 9 
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